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MCCLOY,  THOMAS  MADISON.  Measures  of  Time-Sharing  Skill  and  Gender  as 
Predictors  of  Flight  Simulator  Performance.  (Under  the  direction  of 
RICHARD  G.  PEARSON). 


A  • 

‘‘“‘•A  two-part  experiment  was  conducted  to  assess  the  hypothesized 
utility  of  various  time-sharing  measures  as  indicators  of  performance  in 
a  general  aviation  flight  trainer.  Equal  numbers  of  males  (28)  and  fe¬ 
males  (28)  participated  as  subjects.  Part  one  involved  single  and  dual 
performance  on  a  single-axis,  compensatory  tracker  and  a  digit-cancel¬ 
lation,  reaction  time  task.  There  were  no  significant  gender  differences 
on  time-sharing  measures.  Part  two  indicated  significantly  better  male 
performance  on  all  simulator  variables.  Separate  multiple  regression 
equations  were  calculated  for  males  and  females,  as  well  as  overall  e- 
quations  including  gender  as  a  variable.  Besides  gender  in  the  overall 
equations,  measures  of  time-sharing  skill  were  the  best  predictors  of 
simulator  performance  in  all  three  types  of  equations.  The  regression 
equations  based  on  gender  differed  in  constituent  predictor  variables  as 
well  as  weightings  on  similar  variables.  The  results  demonstrate  the 
utility  of  time-sharing  measures  as  predictors  of  complex-task  perform¬ 
ance.  Additionally,  they  suggest  the  appropriateness  of  employing  gen¬ 


der  based  predictor  equations  when  establishing  training  or  selection 
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Introduction 


The  increasing  costs  of  operating  complex  man-machine  systems 
has  underscored  the  need  for  more  efficient  and  effective  means  of 
selecting  and  training  operators.  From  a  systems  standpoint,  this 
means  assessing  the  system  demands  —  machine,  environment,  inputs/ 
outputs,  and  goals  —  on  the  operator  and  evaluating  his/her  cap¬ 
abilities  and  limitations  to  meet  these  demands  (Meister,  1971). 

Those  concerned  with  selection  and  training  frequently  find  the  fo¬ 
cal  point  of  system  demands  to  be  the  operator/task  interface.  Here 
they  seek  to  define  the  conditions  imposed  on  the  operator  by  the 
task  and  concomitantly  the  operator  characteristics  required  to  max¬ 
imize  task  performance. 

The  Fleishman  (1962)  concept  of  "abilities"  as  fairly  enduring 
traits  influenced  by  genetics  and,  to  some  extent,  learning  suggests 
a  possible  avenue  for  evaluating  Individual's  capabilities  and  limi¬ 
tations.  This  approach  suggests  "that  the  skills  involved  in  com¬ 
plex  activities,  such  as  flying  an  airplane,  can  be  described  in 
terms  of  more  basic  abilities"  (Fleishman,  1978,  p.  1009).  Passey 
and  Mclaurln  (1966)  review  numerous  studies  which  employ  psychomotor 
tests  to  tap  perceptual -motor  abilities  in  an  attempt  to  predict 
pilot  success.  The  results  have  been.  In  general,  only  moderately 
successful.  One  explanation  offered  by  Fleishman  and  Hempel  (1956) 
is  that  with  continued  practice  on  a  task,  the  particular  combination 
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of  abilities  contributing  to  performance  changes.  Consequently, 
abilities  important  early  in  learning  may  not  be  as  important  at 
a  later  stage.  From  a  predictive  standpoint  they  may  be  valuable 
for  predicting  early  stage  performance,  but  contribute  very  little 
to  later  stage  performance  prediction. 

The  growing  complexity  of  modern  man-machine  systems  has  ty¬ 
pically  resulted  in  increased  attentional  demands  being  placed  on 
the  operator.  Frequently,  he  or  she  is  required  to  simultaneously 
process  and  respond  to  information  emanating  from  multiple  tasks  or 
multi-faceted  tasks.  In  these  situations  research  has  shown  the 
operator  can  become  overloaded  with  information  precipitating  per¬ 
formance  deterioration  (Fitts,  1961,  Rolfe,  1971). 

Attention  and  performance  theories  vary  in  the  theoretical 
mechanisms  they  propose  to  explain  performance  limitations.  A  large 
portion  of  the  research  on  complex  task  performance  was  accomplished 
In  the  1950's  and  1960's  at  which  time  the  predominate  theoretical 
Influence  was  the  "single  channel  hypothesis"  (Broadbent,  1958;  Craik, 
1948;  Welford,  1952).  In  this  view,  the  brain  is  likened  to  a  single 
communication  channel  of  limited  capacity.  As  a  result  performance 
on  two  or  more  concurrent  tasks  Is  only  possible  through  "rapid  al¬ 
ternation  of  attention  (l.e.,  by  time-sharing  on  the  access  to  a  gen¬ 
eral  purpose  central  channel)  between  the  requirements  of  the  dif¬ 
ferent  tasks"  (Allport,  Antonis,  and  Reynolds,  1972,  p.  225).  If  one 
of  the  tasks  requires  the  entire  limited  capacity  channel,  then  per- 
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formance  on  additional  tasks  will  be  precluded.  Although  a  large 
body  of  literature  is  supportive  of  the  "single  channel  hypothesis", 
the  locus  of  the  proposed  bottleneck  cannot  be  agreed  upon  (Broad- 
bent,  1971;  Deutsch  and  Deutsch,  1963;  Moray,  1969;  Nelsser,  1967; 

Norman,  1968;  Swets  and  Kristofferson,  1970;  Wei  ford,  1968,  1976). 

If  it  can  be  said,  at  the  risk  of  overgeneral izing,  that  a 
general  task  characteristic  of  complex-tasks  is  high  attentional  de¬ 
mands,  then  it  would  seem  reasonable  that  an  important  ability  re¬ 
quirement  of  successful  operators  would  be  the  ability  to  effective¬ 
ly  and  efficiently  allocate  their  attention  between  the  multiple  de¬ 
mands  placed  on  them,  i.e.,  to  "time-share." 

Research  Related  to  Time-Sharing  Ability 

Although  surprisingly  little  research  has  been  conducted  to  directly 
determine  the  existence  of  time-sharing  ability,  considerable  re¬ 
search  related  to  this  topic  lends  credence  to  the  validity  of  such 
a  concept. 

Whole-task/part-task  performance.  Adams  (1961)  has  suggested 
that  whole-task  training  Is  frequently  necessary  to  allow  the  indi¬ 
vidual  to  develop  skills  in  "time-sharing"  the  component  tasks. 

Fleishman  (1965)  used  a  three-dimensional  pursuit  tracking  apparatus 
to  Investigate  the  relationship  between  part-task  and  whole-task  per¬ 
formance.  Each  dimension  had  Its  own  display  and  control.  Subjects 
first  performed  each  of  the  single  dimensions  separately.  They  then 
performed  all  possible  dual  combinations  (3)  of  the  single  dimensions. 
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Finally  they  were  tested  on  all  three  dimensions  (whole-task)  at 
once.  Results  from  this  study  indicated  the  best  predictors  of  dual 
or  whole-task  performance  were  other  dual-tasks.  Furthermore,  the 
particular  components  involved  in  a  dual-task  were  less  important 
than  the  fact  that  simultaneous  practice  on  the  components  had  oc¬ 
curred.  These  results  and  those  of  similar  studies  (Bilodeau,  1957; 
Chambers,  1958  a,  b;  Freedle,  Zavala,  Fleishman,  1968;  Jennings  and 
Chiles,  1977)  suggest  that  component-task  performance  is  frequently 
a  poor  predictor  of  whole-task  performance,  and  furthermore  that 
whole-task  performance  may  require  different  skills,  e.g.  time-sharing, 
that  are  not  adequately  measured  in  the  part-task  conditions. 

Timing  in  skill.  Conrad  (1955b)  extended  an  earlier  concept  of 
timing  in  skill  (Bartlett,  1947),  defining  it  as  that  characteristic 
of  skilled  performance  that  tends  toward  creating  the  most  favorable 
temporal  conditions  for  response.  In  a  series  of  studies,  Conrad 
(1954,  1955a,  1956)  studied  the  ability  of  subjects  to  adjust  the  pac¬ 
ing  of  a  multiple-dial  monitoring  task.  Through  adjustment  subjects 
could  decrease  signal  variability  and  concomitantly  improve  average  res¬ 
ponse  accuracy.  Conrad  found  wide  individual  differences  across  sub¬ 
jects  in  their  ability  to  achieve  good  timing,  in  fact  some  subjects 
actually  performed  worse  in  the  self-paced  than  the  externally  paced 
conditions.  Jennings  and  Chiles  (1977)  have  suggested  Conrad's  find¬ 
ings,  are  "compatible  with  the  notion  that  there  may  be  an  identifi¬ 
able  ability  that  is  relevant  to  performance  in  situations  involving 
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time-sharing"  (p.  537). 

Complex  operational  tasks.  Several  studies  address  the  appro¬ 
priateness  of  using  "time-sharing"  tasks  as  part  of  performance  eval¬ 
uation  when  the  operational  tasks  to  which  they  are  to  generalize 
are  complex,  exacting  time-sharing  demands  (Passey  and  McLaurin, 

1966;  Chiles,  1967a,  1967b;  Chiles,  Iampietro,  and  Higgens,  1972; 
Chiles  and  Jennings,  1970).  Parker  and  Fleishman  (1960)  used  a  bat¬ 
tery  of  20  printed  tests  and  29  apparatus  tests  to  investigate  the 
relationships  between  ability  variables  and  progress  in  learning 
a  complex  perceptual  motor  skill.  They  concluded,  in  agreement  with 
the  aforementioned  studies,  that  reference  batteries  should  contain 
measures  to  assess  time-sharing  ability  whenever  the  criterion  task 
is  characterized  by  time-sharing  requirements. 

Reserve  capacity.  The  concept  of  "reserve  capacity"  or  "resi¬ 
dual  attention*  is  associated  with  the  literature  on  secondary  tasks. 
(For  reviews  of  this  literature  see  Welford,  1968;  Poulton,  1970; 
Rolfe,  1971;  Kerr,  1973;  Sluchak,  1977;  Brown,  1978;  and  McCloy, 
1978).  Reserve  capacity  is  relevant  to  the  present  discussion  of 
time-sharing  ability  because  It  addresses  the  differential  capa¬ 
bilities  of  individuals  to  perform  on  complex  or  multiple  tasks. 

Brown  (1964)  presented  a  conceptual  model  of  the  methodology 
involved  In  assessing  residual  attention  utilizing  the  dual  task 
approach.  This  approach  Involves  the  utilization  of  a  secondary 
task  to  provide  additional  demands  on  the  Individual.  The  demands 
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of  the  primary  task  In  terms  of  capacity  costs  can  be  evaluated 
through  performance  measurement  on  the  secondary  task.  The  capa¬ 
bility  to  perform  the  secondary  task  without  a  concomitant  drop  in 
primary  task  performance  is  thought  to  be  a  measure  of  reserve  ca¬ 
pacity  thereby  indicating  the  primary  task's  demands  on  the  operator. 

There  are  several  important  assumptions  regarding  the  dual -task  metho¬ 
dology:  first,  the  capacity  is  regarded  as  a  central  limited  resource 
or  mechanism  for  which  both  tasks  compete;  second,  the  allocation  of 
attention  is  under  the  voluntary  control  of  the  subject  allowing  for 
compliance  with  experimental  instructions  regarding  differential  task 
importance;  and  third,  performance  on  the  primary  task  must  remain  con¬ 
stant  so  that  secondary  task  performance  will  be  an  indication  of  spare 
capacity  and  not  capacity  diverted  from  the  primary  task. 

Although  Brown  suggests,  and  his  model  intuitively  implies,  that 
residual  attention  is  task  specific,  Damos  (  1978)  suggests  there  may  not 
be  large  differences  (for  a  particular  individual)  across  routine  per¬ 
ceptual-motor  tasks.  Citing  evidence  indicating  the  importance  of  resi¬ 
dual  attention  in  flying  (Berrlnger,  Willlges,  and  Roscoe,  1970;  Kraus, 
1973;  Roscoe,  1974;  Roscoe  and  Kraus,  1973;  VanderKolk  and  Roscoe,  1973), 
Damos  attempted  to  ascertain  the  predictive  validity  of  residual  attention 
as  an  Indicator  of  pilot  performance.  The  primary  task  was  a  one-dimen¬ 
sional  compensatory  tracking  task  and  the  secondary  task  was  a  choice  re¬ 
action  time  task  with  three  levels  (1,  2,  and  3  bits  of  Information)  of 
difficulty.  A  multiple  correlation  between  mean  response  time  (on  the 
secondary  task)  at  the  three  levels  of  stimulus  Information  and  perform- 
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ance  on  a  30-hour  f1l9ht  check  was  statistically  reliable.  Based  on 
these  results,  Damos  has  suggested  reserve  capacity  forms  the  upper 
limit  of  time-sharing  ability. 

Learning  under  time-sharing  conditions.  A  number  of  studies  have 
investigated  learning  under  time-sharing  conditions  (Bahrick,  Noble,  and 
Fitts,  1954;  Bahrick  and  Shelley,  1958;  Baker,  Wylie,  and  Gagne,  1951; 
Briggs  and  Wiener,  1966;  Garvey,  1960;  Herman,  1965;  Noble  and  Trumbo, 
1967)  by  employing  secondary  task  techniques  to  evaluate  differences  in 
secondary  task  performance  resulting  from  various  levels  of  primary  task 
practice.  The  results  were  most  frequently  interpreted  as  evidence  of 
automation  of  the  skills  required  to  perform  the  primary  task  thereby 
reducing  the  need  for  central  control.  The  development  of  automaticlty 
and  the  concomitant  reduction  in  required  attentional  demands  (LaBerge, 
1973,  1975;  Norman  and  Bobrow,  1975;  Schneider  and  Shriffln,  1977)  cer¬ 
tainly  offers  some  explanation  of  Improved  time-sharing  performance.  It 
falls,  however,  "to  account  for  the  development  of  time-sharing  skills 
that  may  be  unique  to  the  multiple  task  situation,  such  as  the  parallel 
processing  of  Information,  rapid  switching  between  tasks,  or  the  use  of 
efficient  response  strategies"  (Damos  and  Wickens,  1977,  p.2). 

Attentional  flexibility.  According  to  Keele,  Nell  and  de  Lemos 
(1978)  "flexibility  refers  to  the  rapidity  with  which  set  or  attention 
can  be  switched  from  one  signal  requiring  attention  to  another"  (p.  1). 
Two  studies.  Gopher  and  Kahneman  (1971)  and  Kahneman,  Ben-Ishai,  and 


Lotan  (1973)  utilized  a  dichotic  listening  task  and  found  measures  of 
attention  flexibility  which  correlated  significantly  with:  (a) 
student  pilot  flight  school  success  and  (b)  accident  ratings  of 
Israeli  bus  drivers.  Keele,  et  al.  (1978)  utilized  four  different 
tasks  and  concluded  that  "flexibility  appears  to  reflect  the  pro¬ 
ficiency  with  which  one  can  switch  set,  whether  switching  is  predictabl 
or  not,  and  not  just  the  proficiency  of  dealing  with  unexpected  signals 
(p.  8).  It  appears  as  though  this  concept  of  attentional  flexibility 
closely  resembles  what  others  have  suggested  might  be  characterized  as 
time-sharing  ability. 

Factor  analysis.  The  existence  of  time-sharing  ability  has  been 
proposed  from  research  evaluating  complex  task  performance  utilizing 
the  technique  of  factor  analysis.  Fleishman  (1960a,  1967)  and  his 
associates  (Fleishman  and  Hempel ,  1954a,  1955)  Investigated  the  re¬ 
lationship  between  certain  ability  factors  and  performance  at  dif¬ 
ferent  stages  of  learning  complex  skills.  The  results  of  these  studies 
and  others  (Bilodeau  and  Bilodeau,  1961;  Fitts,  1964;  Fleishman,  1966, 
1967,  1972;  Fleishman  and  Hempel,  1956)  suggest  the  following  hypo¬ 
theses  to  account  for  the  observed  ability/learning  relationships: 
first,  performance  at  the  latter  stages  of  a  task  actually  involves 
different  abilities  than  does  early  stage  learning;  second,  spatial- 
visual  abilities  are  most  Important  In  early-stage  psychomotor  learn¬ 
ing,  while  kinesthetic  ability  Is  an  Important  factor  In  late-stage 
learning  and  performance;  and  third,  an  Important  Individual  differ¬ 
ence  exists  with  respect  to  the  ability  to  Integrate  abilities  or 
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actions,  l.e.,  to  time-share. 

A  recent  study  by  Jennings  and  Chiles  (1977)  investigated  time¬ 
sharing  ability  as  a  factor  in  complex  task  performance.  Since  it  is 
one  of  only  a  few  studies  designed  to  directly  evaluate  time-sharing 
ability  utilizing  factor  analysis  it  Is  worth  reviewing  in  some  detail. 
The  authors  defined  the  hypothesized  time-sharing  ability  as  a  "reliable 
source  of  variance  that  contributes  to  performance  of  complex  tasks  but 
Is  Independent  of  simple-task  performance  of  the  constituent  tasks" 

(p.  538).  The  Civil  Aeromedical  Institute  (CAMI)  Multiple  Task  Per¬ 
formance  Battery  (MTPB)  was  utilized  for  this  research.  The  MTPB  was 
designed  to  test  and  measure  a  variety  of  skills  judged  to  be  Important 
to  aircrew  performance  (Chiles,  Allulsi,  and  Adams,  1968).  It  Involved 
six  tasks:  a)  monitoring  warning  lights;  b)  meter  monitoring;  c)  men¬ 
tal  arithmetic;  d)  pattern  recognition;  e)  group  problem  solving;  and 
f)  two-dimensional  compensatory  tracking.  The  tasks  were  combined  to 
form  two  separate  complex  tasks  —  Task  A  Involving  lights  monitoring, 
arithmetic,  and  problem  solving;  Task  B  composed  of  meter  monitoring, 
pattern  Identification  and  tracking.  All  subjects  practiced  and  were 
then  tested  on  the  six  Individual  tasks  and  the  two  complex  tasks.  Fac¬ 
tor  analysis  of  the  data  supported  the  hypothesis  of  a  time-sharing 
ability  associated  with  complex  performance.  Three  orthogonal  factors 
associated  with  the  two  monitoring  tasks  were  Identified  —  light  mon¬ 
itoring  loaded  under  the  simple  condition  on  one  factor;  meter  monitor¬ 
ing  loaded  under  the  simple  condition  on  another  factor;  and  performance 
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on  both  meters  and  lights  loaded  on  a  third  factor  under  the  com¬ 
plex  condition.  Since  the  specific  performance  requirements  of  the 
tasks  were  the  same  for  the  simple  and  complex  conditions  the  re¬ 
sults  suggest  that  the  tasks  are  unrelated  when  performing  in  the 
simple  condition  but  related  when  under  the  complex  situation.  The 
authors  suggested  that  this  relationship  involves  a  higher  order  pro¬ 
cess  (time-sharing)  which  reflects  Individuals'  ability  to  shift 
attention  quickly  and  efficiently  between  these  monitoring  tasks  and 
the  other  component  tasks  in  the  complex  situation. 

Dual  task  approach.  Several  studies  utilized  a  dual-task  para¬ 
digm  and  obtained  results  suggesting  the  existence  of  a  time-sharing 
skill  or  ability.  North  and  Gopher  (1976)  employed  a  one-dimensional 
compensatory  tracking  task  and  a  digit-processing,  reaction-time  task. 
These  tasks  were  performed  Individually  and  in  combination.  Several 
dimensions  of  individual  differences  were  observed,  one  of  which  was 
the  general  ability  to  cope  with  divided-attention,  time-sharing  re¬ 
quirements. 

Gopher  and  North  (1977)  evaluated  the  effects  of  manipulating  the 
conditions  of  training  under  time-sharing  conditions.  The  task  was  the 
same  as  In  North  and  Gopher  (1976).  The  authors  found  tracking  per¬ 
formance  continued  to  Improve  during  repeated  single-task  presentation, 
while  digit-processing  Improved  only  In  the  time-sharing  conditions. 

They  suggested  that  the  major  source  of  Improvement  on  the  tracking  task 
could  be  considered  as  specific  to  the  skill  of  tracking,  whereas  digit- 
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processing  Improvement  appeared  to  be  a  result  of  an  Improved  ability 
to  time-share  and  Interweave  performance  In  the  dual-task  condition. 

Although  the  previous  studies  mentioned  in  this  section  found 
evidence  suggesting  a  time-sharing  skill,  they  were  not  specifically 
designed  to  do  so.  One  study  (Damos,  1977),  however,  was  designed  to 
Investigate  the  contribution  of  time-sharing  skill  to  performance  in 
a  dual-task  situation.  The  single  tasks  were  a  digit  classification 
task,  a  short-term  memory  task,  and  two  one-dimensional  tracking  tasks. 
For  the  dual -task  condition,  the  short-term  memory  and  classification 
tasks  were  combined  and  the  two  one-dimensional  tracking  tasks  were 
performed  together.  To  identify  time-sharing  skills,  a  measurement 
technique  was  employed  that  partitioned  Improvement  In  multiple-task, 
performance  Into  a  component  due  to  improved  single-task  skills  and  a 
component  due  to  Improved  time-sharing  skills.  To  accomplish  this, 
performance  on  component  tasks  was  initially  stabilized  and  then  period 
Ically  checked  during  dual-task  trials.  It  was  argued  that  to  the  ex¬ 
tent  that  single-task  performance  was  stable  across  these  trials,  im¬ 
provements  In  dual -task  performance  may  be  attributed  to  the  develop¬ 
ment  of  time-sharing  skills.  A  significant  trials  by  secondary  task 
load  Interaction  would  be  a  statistical  indication  of  this  occurrence. 
The  results  of  the  Damos  experiment  support  an  hypothesis  of  the  devel¬ 
opment  of  time-sharing  skill  In  the  dual-task  combinations.  Dual-task 
performance  Improvement  was  large  In  comparison  to  single-task  per¬ 
formance.  It  should  be  noted,  however,  that  single-task  performance 
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did  not  remain  stabilized  as  was  assumed  prior  to  the  experiment. 
Female  Psychomotor  Performance 

Although  women  are  more  and  more  frequently  assuming  the  role  of 
operators  in  traditional  male  occupations,  e.g.,  commercial  airline 
and  military  pilots,  there  is  surprisingly  little  human  factors  data 
on  female  motor  skill  performance  (Williges,  Williges,  and  Savage, 
1978).  Hudgens  and  Billingsley  (1978)  recently  reviewed  859  studies 
published  in  Human  Factors  and  Ergonomics  during  the  time  frame  of 
1965  through  1976  and  found  only  25%  of  the  studies  even  included  fe¬ 
males.  Additionally,  of  those  studies  which  included  both  males  and 
females  (19%)  only  one  third  performed  analyses  evaluating  sex  dif¬ 
ferences  as  a  factor  in  performance.  However,  the  fact  that  nearly 
three  quarters  of  the  research  where  the  sex  variable  was  evaluated 
reported  significant  gender  differences  led  Hudgens  and  Billingsley 
to  suggest  that  more  human  factors  researchers  examine  this  variable. 

A  brief  review  of  several  studies  that  Included  and  analyzed 
gender  as  a  performance  variable  might  be  Instructive  for  ascertain¬ 
ing  its  potential  usefulness. 

Research  Investigating  gender  differences  In  simple  motor  be¬ 
havior  has  found:  1)  pre-adult  males  exhibit  superior  performance 
In  gross  motor  activities  (Garal  and  Schelnfeld,  1968);  2)  pre-adult 
and  adult  females  perform  better  than  males  In  tasks  Involving  fine 
manual  dexterity  (Broverman,  Klalber,  Kobayashl,  and  Vogel,  1968); 

3)  males  in  the  college  age  group  exceed  female  counterparts  in 
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response  speed  on  a  discrimination  reaction  time  task  (Noble,  Baker, 
and  Jones,  1964),  and  in  pursuit  tracking  (Noble,  1970).  Singer 
(1975)  after  reviewing  a  large  number  of  studies  which  suggested  an 
overall  male  superiority  in  most  gross  motor  activities,  concluded 
that  the  results  did  not  necessarily  infer  gender  differences  in  mo¬ 
tor  abilities  or  learning  rates.  Instead  he  suggested  performance 
differences  may  have  been  due  to  "previous  learning  and  transfer 
possibilities,  structural  differences,  motivational  differences,  and 
most  obviously,  sociocultural  factors"  (p.  353). 

Hagan  (1975)  utilized  a  driving  simulator  to  evaluate  various 
aspects  of  driving  performance  as  demonstrated  by  male  and  female 
licensed  drivers.  His  findings  indicated  a  significant  sex  differ¬ 
ence  in  the  execution  phase  of  the  driving  task.  He  suggested  these 
results  may  have  implications  for  a  variety  of  areas  such  as  driver 
education  courses  and  road  system  design. 

Savage,  Williges,  and  Willi ges  (1978b)  found  gender  was  a  re¬ 
liable  predictor  of  time-to-exit  on  a  two-dimensional  pursuit  track¬ 
ing  task  under  adaptive  training  conditions.  These  same  authors 
(1978a)  used  six  tests  to  derive  performance  measures  that  could  be 
used  to  construct  regression  equations  for  time-to-exit  on  a  two- 
axis  pursuit  tracker.  They  found  equations  based  on  gender  were  the 
most  reliable  and  yielded  the  largest  multiple  R^. 

The  results  of  the  aforementioned  studies  exemplify  the  Impor¬ 
tance  of  considering  gender  as  a  variable  In  motor  skill  performance. 


14 


This  is  particularly  true  if  operators  are  both  male  and  female,  but 
selection  and  training  criteria  have  been  established  primarily  on  a 
male  data  base. 

Complex  Skill  Acquisition  Rate 

Training  programs  for  most  complex  jobs  are  usually  limited  in 
terms  of  the  time  available  for  the  trainee  to  master  the  necessary 
requirements  to  graduate  from  the  program.  The  author,  after  spend¬ 
ing  four  years  as  an  instructor  in  a  flight  training  program,  can  sub¬ 
stantiate  the  fact  that  individuals  vary  widely  in  the  rate  at  which 
they  attain  flying  proficiency.  Considering  individual  differences 
in  capability  and  time  constraints  on  training,  it  would  appear  that 
learning  rate  may  represent  a  viable  predictor  variable  for  complex 
tasks.  Not  surprisingly,  Fleishman  (1953b)  and  Passey  and  McLaurin 
(1966)  both  recommend  the  use  of  measures  of  learning  rate  In  the  se¬ 
lection  battery  for  complex  tasks,  e.g.,  flying  training. 

In  a  recent  study  employing  three  different  types  of  training 
models  —  fixed  difficulty,  adaptive,  and  learner-centered  —  Willi ges 
and  Will Iges  (1977)  employed  a  two-dimensional  pursuit  tracking  task 
to  Investigate  gender  differences  In  learning  rate.  Using  tlme-to- 
exit  scores  they  reported  a  highly  reliable  gender  difference  favor¬ 
ing  males.  However,  transfer  task  performance  Indicated  no  reliable 
differences  In  tracking  error.  This  was  true  even  when  transfer  track 
Ing  difficulty  was  Increased  above  what  had  been  maximum  for  the  train 
Ing.  The  authors  suggest  that  this  may  Indicate  Initial  gender 
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differences  in  the  rate  of  learning  (at  least  on  this  particular 
task)  although  with  training  these  differences  should  disappear. 

The  present  topic  of  acquisition  rate  suggests  some  interesting 
questions  in  light  of  the  previous  discussion  of  time-sharing  and  gen¬ 
der.  First,  is  rate  of  acquisition  of  time-sharing  skills  a  reliable 
predictor  of  future  complex  task  performance?  If  so,  are  there  gen¬ 
der  differences?  At  the  present  time  the  author  is  unaware  of  any 
literature  addressing  this  issue. 

The  Present  Study 

With  the  increasing  costs  of  operating  modern  complex  man-machine 
systems,  selection  and  training  processes  have  received  renewed  em¬ 
phasis.  To  the  degree  that  the  cababilitles  of  the  individual  can  be 
matched  to  the  requirements  of  the  system,  dollar  savings  can  be  re¬ 
alized  through  more  efficient  and  effective  training,  lower  attrition 
rates,  etc. 

Although  specific  operator  ability  requirements  would  be  pre¬ 
dicated  on  particular  task  combinations.  It  has  been  suggested  that 
almost  all  complex  tasks  share  one  operator  requirement  in  common  — 
the  skill  at  time-sharing.  Time-sharing  has  been  described  as  a  high¬ 
er  order  process  which  reflects  "differences  In  the  ability  of  subjects 
to  shift  attention  quickly  and  efficiently*  between  the  demands  of  the 
component  tasks  (Jennings  and  Chiles,  1977,  p.  545).  If  time-sharing 
skills  are  really  the  manifestation  of  some  general  underlying  time¬ 
sharing  ability  then  it  seems  feasible  that  measures  of  time-sharing 


skill  in  one  situation  should  facilitate  prediction  of  performance 
in  another  time-sharing  situation.  The  preceding  review  suggests 
some  support  for  this  hypothesis. 

The  purpose  of  the  present  study  was  to  pursue  the  line  of  in¬ 
vestigation  which  suggests  that  measures  of  time-sharing  skill  may 
be  useful  as  selection  devices  for  predicting  performance  on  other 
complex  tasks.  Additionally,  the  study  was  specifically  designed 
with  equal  numbers  of  males  (28)  and  females  (28)  so  that  the  re¬ 
lationship  of  gender  to  time-sharing  performance  might  be  examined. 
Very  few  studies  of  complex  task  performance  have  included  gender 
as  a  variable. 

The  experiment  was  conducted  in  two  parts.  During  part  one, 
subjects  performed  two  tasks  —  a  single-axis,  compensatory  track¬ 
ing  task  and  a  choice-reaction,  digit-cancellation  task  —  singly 
and  in  combination  (with  equal  emphasis  on  each  task).  It  was  hypo¬ 
thesized  there  would  be  no  significant  relationship  between  tracking 
and  digit-canceling  when  performed  singly,  and  single-task  scores 
would  correlate  only  modestly  with  dual-task  performance  (North  and 
Gopher,  1976).  Performance  differences  associated  with  gender  were 
uncertain. 

Part  two  of  the  experiment  involved  approximately  40  minutes  of 
Instruction  and  practice  and  10  minutes  of  testing  In  a  GAT-1  flight 
trainer.  Two  performance  measures  —  heading  and  vertical  velocity  - 
were  recorded  during  the  performance  of  three  different  maneuvers: 
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(a)  a  constant  rate,  constant  heading  climb;  (b)  straight  and  level 
flight;  and  (c)  a  constant  rate,  constant  heading  descent.  It  was 
expected  that  dual -task  measures  would  be  more  useful  than  single¬ 
task  measures  for  predicting  simulator  performance  (Damos,  1977; 
Gopher  and  North,  1977).  Although  significant  gender  differences 
in  simulator  performance  were  not  anticipated,  it  was  expected  that 
multiple  regression  equations  based  on  sex  would  yield  different 
predictor  variables  as  well  as  different  weightings  (Savage,  Willi- 
ges  and  Willlges,  1978a).  Single  and  dual-task  acquisition-rate  and 
variability  scores  were  also  examined  as  predictor  variables. 
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Method 


Subjects 

Fifty-six  Air  Force  Academy  cadets,  28  male  and  28  female,  par¬ 
ticipated  in  the  experiment.  They  were  volunteers  from  the  freshmen, 
sophomore,  and  junior  classes.  None  of  the  participants  had  previous 
private  pilot  or  simulator  experience.  All  subjects  had  at  least  20- 
20  correctable  vision. 

Apparatus 

Part  one  of  the  experiment  was  conducted  in  a  closed  environmental 
chamber.  Subjects  were  seated  in  a  chair  with  armrests  in  front  of  a 
table  upon  which  two  psychomotor  devices  were  located.  A  Hewlett  Pack¬ 
ard  1205A  oscilloscope  provided  the  display  for  a  single-axis  compen¬ 
satory  tracking  task.  The  tracking  task  involved  keeping  a  miniature 

aircraft  superimposed  over  an  horizon  bar  that  moved  only  in  the  ver- 

•  * 

tical  axis.  The  control  stick  for  the  tracker  was  mounted  on  the  chair 
right  armrest.  Forward  and  aft  movements  of  the  stick  resulted  in 
corresponding  up  and  down  displacements  of  the  horizon  line.  A  random 
noise  generator  was  used  to  produce  the  tracking  forcing  function.  A 
Lafayette  Instruments  clock  was  used  to  record  time  within  a  "window" 
which  corresponded  to  approximately  +  1  cm  deviation  from  zero  displace¬ 
ment  between  the  horizon  bar  and  the  miniature  aircraft.  A  12.7  x  10. 

16  cm  box  containing  a  digit-cancellation,  reaction-time  task  was  lo¬ 
cated  adjacent  to  the  left  side  of  the  oscilloscope  so  that  both  tasks 
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were  in  the  same  horizontal  viewing  plane.  The  task  was  a  four  by 
three  matrix  of  keys  on  which  the  digits  0-9  appeared  in  a  random  order. 
The  last  row  contained  one  digit  and  two  blanks.  BRS  (Behavior  Research 
Systems)  counters  recorded  total  responses  and  number  of  errors. 

Subject’s  viewing  distance  varied  from  approximately  50.8  cm  to 
71.12  cm.  They  were  instructed  to  position  the  chair  close  enough  to 
the  apparatus  so  that  they  could  support  their  left  elbow  on  the  chair 
armrest  while  responding  to  the  reaction-time  task. 

Throughout  part  one,  BRS  logic  system  provided  the  timing  for  the 
trials  and  inter-trial  intervals.  Figure  1  is  a  schematic  representa¬ 
tion  of  the  experimental  equipment  utilized  in  part  one. 

Part  two  consisted  of  approximately  50  minutes  of  training  and 
testing  in  the  GAT-1  aircraft  simulator.)  During  the  testing,  analog 
heading  and  vertical  velocity  signals  were  recorded  on  a  Gould  Brush 
260  six  channel  strip  recorder. 

Procedure 

Single-task  conditions.  Each  participant  performed  the  digit- 
canceling  and  tracking  tasks  separately.  The  order  of  this  perform¬ 
ance  was  counterbalanced  across  all  subjects.  For  the  digit  task  sub¬ 
jects  were  briefed  to  work  as  quickly  as  possible  without  sacrificing 
accuracy  (Appendix  A).  The  task  was  self-paced,  with  a  new  digit 
being  generated  immediately  following  the  correct  response  to  the  dis¬ 
played  digit.  Making  an  Incorrect  response  or  failure  to  make  a  res¬ 
ponse  In  5  seconds  after  a  digit  presentation  resulted  In  an  aural 


Figure  1.  Schematic  representation  of  single  and  dual-task  experimental  apparatus 
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signal  to  the  subject.  The  task  Mas  performed  for  periods  of  one  min¬ 
ute  duration  with  20  second  rest  pauses  between  trials.  Both  correct 
responses  and  errors  were  recorded  for  each  trial  period.  Exit  cri¬ 
terion  for  this  task  was  two  successive  trials  where  total  responses 
differed  by  5%  or  less.  All  subjects  were  required  to  perform  a  min¬ 
imum  of  three  trials.2 

Tracking  trials  were  also  one  minute  In  duration  with  an  Inter¬ 
trial  interval  of  20  seconds  (Appendix  A).  A  time  on  target  score  was 
utilized  for  the  exit  criterion  on  this  task.  A  window  was  established 
which  closely  corresponded  to  a  i  1  cm  deviation  from  zero  displacement 
between  the  horizon  line  and  the  miniature  aircraft.  A  clock  recorded 
the  amount  of  time  the  subject  stayed  within  the  window  during  each  one 
minute  trial.  All  subjects  performed  a  minimum  of  three  trials  and  ter¬ 
minated  this  task  when  time  on  target  scores  for  two  successive  trials 
differed  by  5*  or  less. 3 

Dual -task  conditions.  Once  subjects  reached  exit  criterion  for 
both  tasks  performed  Individually,  they  then  performed  the  tasks  sim¬ 
ultaneously.  They  were  Instructed  to  emphasize  both  tasks  equally 
(Appendix  A).  Trials  were  one  minute  long  with  20  second  breaks  between 
trials.  Five  dual-task  trials  were  performed  followed  by  one  trial 
each  of  the  single-tasks  after  which  five  more  dual-task  trials  were 
concluded.  The  single-task  check  trials  were  Included  to  ascertain  if 
single-task  performance  levels  had  remained  stabilized,*  The  order  of 
the  single-task  trials  was  counterbalanced  for  all  subjects. 
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To  facilitate  the  management  of  effort  between  the  two  tasks  dur¬ 
ing  dual  conditions,  the  experimenter  prodded  feedback  relative  to 
standard  criterion.  A  base  score  of  60  correct  responses  was  used  for 
digit  canceling  and  50  seconds  for  tracking.  After  each  dual-task 
trial,  proportions  were  created  utilizing  the  subject's  scores  on  each 
task  and  the  aforementioned  standards.  If  the  difference  between  the  two 
proportions  was  greater  than  103,  the  subject  was  instructed  to  allocate 
a  little  more  effort  on  the  task  which  produced  the  smaller  proportion. 
Using  only  those  trials  where  proportion  differences  were  equal  to  or 
less  than  103,  the  single  trial  where  combined  proportions  were  greatest 
was  Identified.  The  scores  associated  with  this  trial  were  then  used 
for  dual -task  performance  analysis. 

Phase- two  GAT.  During  the  first  35  minutes  in  the  GAT  the  sub¬ 
jects  received  instructions  explaining  the  instruments  and  controls 
utilized  In  flying  the  simulator,  and  practiced  basic  instrument 
maneuvers  (Appendix  B).  At  the  end  of  the  Instruction  and  practice 
period,  the  subjects  were  tested  on  three  maneuvers:  1)  a  constant 
heading,  constant  rate  climb  of  2,000  feet;  2)  straight  and  level 
flight  for  2  minutes;  and  3)  a  constant  heading,  constant  rate  descent 
of  2,000  feet.  Analog  signals  for  heading  and  vertical  velocity  (rate) 
were  recorded  on  a  strip  chart  for  performance  evaluatlon.5  Prior  to 
recording  performance  on  any  of  the  maneuvers,  the  simulator  was 
established  In  the  appropriate  flight  conditions  by  the  experimenter. 

The  subject  then  assumed  control  of  the  GAT  and  was  Instructed  to  con¬ 
tinue  executing  the  appropriate  maneuver. 
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Results 


Part  One 

All  analyses,  unless  otherwise  noted,  were  performed  using  var¬ 
ious  statistical  routines  found  In  the  Statistical  Analysis  System 
(Barr  et  al,  1976).  The  raw  data  are  listed  In  Appendix  C  along  with 
the  definitions  of  the  variables. 

Single-task  conditions.  On  each  digit-cancellation  trial  both  the 
total  number  of  responses  and  errors  were  recorded.  These  scores  were 
converted  to  reflect  the  total  response  Interval  (RI)  and  the  correct 
response  Interval  (CRI).  RI  was  computed  by  dividing  the  total  num¬ 
ber  of  responses  into  60  seconds,  which  was  the  trial  length  for  all 
trials.  CRI  was  confuted  by  dividing  the  trial  length  by  the  number 
of  correct  responses.  These  two  distinct  measures  for  the  digit-can¬ 
cellation  task  were  used  because  they  are  thought  to  reflect  speed 
versus  accuracy  tradeoffs. 

To  Investigate  gender  differences  on  the  single-task  measures, 
t-tests  were  performed;  three  tests  yielded  significant  results.  Fe¬ 
males  minimum  performance  level  on  digit-canceling  was  superior  to  males 
for  both  RI  and  CRI,  with  males  making  fewer  responses  (higher  RI),  £ 
(54)  «  1.99,  £  <  .05,  and  more  errors  (higher  CRI),  £  (54)  «  2.24, 

£  <  .03.  This  disparity  did  not  continue  through  training  as  RI  and 
CRI  for  maximum  and  check  trial  performance  Indicated  nonsignificant 
gender  differences.  Table  1  reflects  gender  differences  In  RI  and  CRI 
In  the  single-task  conditions. 
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Table  1  Gender  differences  In  response  Interval  (RI)  and  correct 

response  interval  (CRI)  for  minimum,  maximum,  and  check  trials. 


Males 

EL 

1.11 

CRI 

1.16 

Minimum 

Females 

1.06 

1.10 

Males 

.97 

.98 

Maximum 

Females 

.94 

.95 

Males 

.90 

.92 

Check 

Females 

.89 

.91 

The  other  significant  t-test  Involved  a  rate  variable,  that  being 
the  trial  on  which  the  maximum  number  of  correct  digits  were  canceled 
(or  the  minimum  CRI  occurred).  An  F  test  for  equality  of  variances, 

£'  (27,27)  «  3.01,  £  <  .006,  Indicated  a  t-test  for  unequal  variances 
was  appropriate.  The  t-test  resulted  in  significant  differences,  t 
(43.2)  *  2.46,  £  <  .02,  with  minimum  CRI  occurring  later  for  males. 

It  was  hypothesized  that  there  would  be  no  significant  relation¬ 
ship  between  tracking  and  digit-canceling  when  performed  singly.  This 
was  the  case  with  females,  but  not  for  males.  Table  2  represents  corre¬ 
lations,  for  males,  between  tracking  and  digit-canceling  using  both  max¬ 
imum  and  check  trial  scores.  Associated  significance  levels  are  also  pro¬ 
vided.  Comparable  correlations  for  females  were  all  nonsignificant  with 
£  >  .4  In  every  case. 
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Table  2  Correlations,  for  males,  between  single  tracking  and  digit¬ 
canceling  using  maximum  and  check  trial  scores.  Significance 
levels  are  Included  in  parentheses. 


MIN  RI 

MIN  CRI 

CHECK  RI 

CHECK  CRI 

Max  Track 

..350 

-.385 

_  .348 

-.336 

(.068) 

(.043) 

(.070) 

(.081) 

Check  Track 

-.385 

-.397 

-.303 

-.277 

(.043) 

(.036) 

(.118) 

(.154) 

Note.  MIN  RI  *  maximum  total  digit-canceling  response  score  latency 


MIN  CRI  a  maximum  correct  digit-canceling  response  score  latency 

Previous  research  has  suggested  that  single-task  scores  would  corre¬ 
late  only  modestly  with  dual -task  performance.  For  females,  this  re¬ 
lationship  appeared  to  be  true.  Maximum  single  tracking  scores  were 
significantly  related  to  maximum  dual  CRI,  r  *  .416,  £  <  .03,  and  max¬ 
imum  dual  tracking,  r  *  .485,  £  <  .009.  However  no  other  female  single¬ 
task  scores  were  slgnlglcantly  related  to  dual-task  performance.  Single¬ 
task  scores  for  males,  on  the  other  hand,  were  highly  related  to  dual¬ 
task  performance.  As  can  be  seen  in  Table  3,  only  the  relationships  be¬ 
tween  digit-canceling  check  scores  and  dual  digit-canceling  performance 
were  non-significant. 

Dual -task  conditions.  Besides  the  actual  dual-task  tracking  and 
digit-canceling  scores,  several  measures  of  dual -task  performance  were 


26 


Table  3  Correlations,  for  males,  between  single  and  dual-task  perfor¬ 
mance.  Significance  levels  are  included  in  parentheses. 


MIN  RI 

DUAL 

MIN  CRI 

MAX  TRACK 

Max  Track 

-  .461 

• 

• 

o 

.467 

(.013) 

(  .012) 

(.012) 

Check  Track 

-.536 

-.535 

.545 

( .003) 

( .003) 

(.003) 

Min  RI 

.486 

.446 

• 

• 

Ol 

CD 

CD 

SINGLE 

(.009) 

(.017) 

(.0001) 

Min  CRI 

.499 

.481 

..658 

(.007) 

(.009) 

(.0001) 

Check  RI 

.253 

.241 

-.531 

(.194) 

(.216) 

(.004) 

Check  CRI 

.176 

.203 

-.433 

(.369) 

(.299) 

(.021) 

evaluated.  Proportion  scores  were  calculated  by  dividing  dual-task 
scores  by  single-task  scores.  Separate  proportions  were  calculated 
using  maximum  single  and  check  trial  scores  respectively.  There  were 
no  significant  gender  differences  on  any  of  the  dual-task  performance 
measures  (See  Appendix  F  for  a  list  of  dual-task  performance  variables). 
Part  Two 


Simulator  Performance.  Subjects'  heading  and  vertical  velocity 
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unexpected,  results  of  simulator  performance  evaluated  for  gender 
differences.  As  can  be  clearly  seen,  males  exhibited  better  perform¬ 
ance  (lower  scores)  on  all  six  simulator  variables. 
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The  results  for  males  (Table  7)  indicate  only  three  nonsignificant 

interrelationships. 

Two  of  the  relationships  (i.e.. 

those  between 

straight  and  level  and:  (a)  climbs  and  (b)  descents)  were  identical  to 
females.  The  third  nonsignificant  intercorrelation  involved  straight 
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'■•.H  multiple  recjiissioi  r 1  lots  Leicd  or  gc»-/rr  voo*d  yield  different 
.die tor  varied; loo  <i;  well  as  different  weightings  on  similar  variables, 
iterate  regression  equations  were  calculated  for  males  and  females. 

:'-e  to  the  large  number  of  variables  (see  Appendix  F)  considered  for 

inclusion  in  the  predictor  equations,  a  stepwise  multiple  regression 

technique  was  employed  whereby  only  those  variables  whose  partial  ■ 

F  -  statistics  were  significant  at  a  minimum  of  £  =  .05  were  allowed  j 

entry  into  the  models. 

Tables  8-13  present  the  multiple  regression  equations  for  the 
simulator  performance  variables.  For  each  performance  variable,  an 
°verall  equation  including  gender  as  a  variable  was  calculated  as  well  as 
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separate  equations  for  males  and  females.  For  each  equation, 

p 

associated  R  ,  £_,  and  £  values  are  Included.  Examination  of 
Tables  8-13  provides  several  important  fi -dings:  (a)  As  can  be  seen 
in  Table  8,  over  303  of  overall  simulator  performance  (STANTOT) 
variance  can  be  explained  using  only  two  variables— GENDER  and 
PRODCTMX  (a  time-sharing  measure),  (b)  In  general,  female  based 
regression  equations  afford  better  predictability  of  female  simulator 

9 

performance  (i.e.,  higher  R~  values),  than  do  corresponding  male  based 

p 

equations  for  predicting  male  simulator  performance  (female  R  values 
are  equal  to  or  greater  than  male's  in  five  of  the  six  equations). 

(c)  Corresponding  female  and  male  equations  differ  in  terms  of 
constituent  variables  as  well  as  weightings  on  similar  variables. 

(d)  There  was  no  consistent  relationship  between  the  variables  in 
gender  based  equations,  and  the  variables  appearing  in  the  corresponding 
overall  performance  equations. 

Table  8  Overall,  male,  and  female  multiple  regression  equations  for 
simulator  variable  STANTOT  (ST). 

OVERALL  ST  =  4.05  +  3.32  GENDER  +  (-16.63)  PRODCTMX  +  0.53  OKTRIALS 
MALE  NONE 

FEMALE  ST  =  12.77  +  (-15.58)  PRODCTMX 
OVERALL  R2  =  .313,  F  (2,53)  =  7.89,  £  ^  .0002 
MALE  N/A 

FEMALE  R2  »  .135,  F  (2,25)  +  4.07,  £  .05 

Note.  PRODCTMX  *  Dual  digit-canceling  total  response  score/max  single 
digit-canceling  total  response  score. 
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To  test  for  possible  violations  of  the  multiple  regression 
assumption  of  linearity  of  relationships,  a  direct  examination  of 
residuals  was  conducted.  Visual  inspection  of  a  scatterplot  of 
residuals  versus  actual  scores  yielded  no  apparent  abnormalties. 
Additionally,  a  correlational  analysis  between  all  independent 
variables  and  residuals  indicated  no  significant  relationships. 

As  a  means  to  further  investigate  the  relationships  between 
the  predictor  variables  (Appendix  F)  and  the  simulator  performance 
variables,  a  canonical  correlation  analysis  was  performed.  This 
analysis  seeks  to  maximize  the  amount  of  variance  accounted  for  in  a 
linear  combination  of  criterion  variables  by  a  linear  combination  of 
predictor  variables.  The  results  of  this  analysis  proved  to  be  of 
minimal  useage  in  clarifying  the  predictor-criterion  relationships  for 
the  present  study. 

Table  9  Overall,  male,  and  femalt  multiple  regression  equations  for 
simulator  variable  STANHEAD  (SH). 

OVERALL  SH  =  4.15  +  (-8.58)  PRODCTMX  +  1.39  GENDER 
MALE  NONE 

FEMALE  SH  *  -12.26  +  .020  MAXSDCT 
OVERALL  R2  *  .150,  F  (2,53)  =  4.66,  £  .01 

MALE  N/A 

FEMALE  R2  *  .210,  F  (1,26)  =  7.05,  £  z,  .01 

Note.  PRODCTMX  *  Dual  digit-canceling  total  response  score/max  single 
digit-canceling  total  response  score. 

MAXSDCT  »  Max  single  digit-canceling  total  response  score. 


Table  10  Overall,  male,  and  female  multiple  regression  equations  for 
simulator  variable  STANVVI  (SV). 


OVERALL  SV  =  2.47  +  1.89  GENDER  +  (-33.23)  MAXPRODC  +  0.28 
OKTRIALS  +  0.54  MAXDDCTO  +  (-8.37)  PRODCCMX 

MALE  SV  -  4.52  +  (-7.24)  PRODCCMX 

FEMALE  SV  =  7.78  +  0.55  OKTRIALS  +  (-6.22)  TSMAXDCT 

OVERALL  R2  =  .465,  F  (5,50)  ■  8.69,  £  <  .0001 

MALE  R2  =  .192,  F  (1,26)  =  6.18,  £  <  .02 

FEMALE  R2  =  .308,  F  (2,25)  =  5.57,  £  <  .01 


Note.  MAXPRODC  *  Total  digit  responses  for  max  dual  trial  /60. 

OKTRIALS  s  Number  of  dual  trials  where  the  difference  between 
tracking  and  digit-canceling  proportions  was  .10 
or  less. 

MAXDDCTO  =  Total  digit  responses  for  max  dual  trial. 

PRODCCMX  =  Dual  digit-canceling  correct  response  score/max 
single  digit-canceling  correct  response  score. 

TSMAXDCT  =  (Dual  digit-canceling  total  response/single  digit¬ 
canceling  total  response  score)  +  (Dual  tracking 
score/max  single  tracking  score). 


34 


Table  11  Overall,  male,  and  female  multiple  regression  equations  for 
simulator  variable  STANSL  {SL ) . 


OVERALL  SL  =  -1.31  +  0.87  GENDER 

MALE  SL  =  1.92  +  1.83  IMAXSDCT  +  0.23  TRIALNO  +  (-1.16) 

IMAXSDCC  +  (-39.23)  PROOCCMX  +  32.54  PRODCTMX  + 
(-0.31)  IEXITST 

FEMALE  SL  =  0.71  +  (-0.11)  MIDTRK  +  0.12  MINSDCT  +  (-0.77) 
IMAXSDCC 

OVERALL  R2  =  .087,  F  (1,26)  =  5.12,  £  .028 

MALE  R2  =  .735,  F  (6,21)  =  9.68,  £  '  .0001 

FEMALE  R2  =  .417,  F  (3,24)  =  5.73,  £  ^  .004 


Note. 


IMAXSDCT  =  Trial  on  which  max  single  digit-canceling  total  re¬ 
sponse  occurred. 

TRIALNO  *  Trial  on  which  max  dual  performance  occurred. 

IMAXSDCC  =  Trial  on  which  max  single  digit-canceling  correct 
response  occurred. 

PRODCCMX  =  Dual  digit-canceling  correct  response  score/max 
single  digit-canceling  correct  response  score. 

PRODCTMX  =  Dual  digit-canceling  total  response  score/max 
single  digit-canceling  total  response  score. 

IEXITST  =  Single  tracking  exit  trial. 

MIDTRK  *  Single  tracking  check  trial. 

MINSDCT  *  Minimum  single  digit-canceling  total  response  score. 
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Table  12  Overall,  male,  and  female  multiple  regression  equations  for 
simulator  variable  STANCLIM  (SC). 


OVERALL  SC  =  -3.29  +  1.28  GENDER  +0.28  OKTRIALS 
MALE  SC  =  NONE 
FEMALE  SC  =  NONE 

OVERALL  R2  =  .176,  F  (2,53)  =  5.65,  £  <  .006 
MALE  N/A 

FEMALE  N/A 


Note.  OKTRIALS  =  Number  of  dual  trials  where  the  difference  between 
tracking  and  digit-canceling  proportions  was  .10  or 
less. 


Table  13  Overall,  male,  and  female  multiple  regression  equations  for 
simulator  variable  STANDES  (SD). 


OVERALL  SD  =  5.77  +  (-9.91)  PRODCTMX  +0.96  GENDER 

MALE  SD  *  6.44  +  (-9.51)  PRODCCMX 

FEMALE  SD  *  7.05  +  (-11.09)  PRODCTMX  +  0.23  TRIAL NO 

OVERALL  R2  =  .316,  F  (2,53)  =  8.50,  £<  .0001 
2 

MALE  R  *  .249,  F  (1,26)  *  8.62,  £<  .007 

FEMALE  R2  *  .379,  F  (2,25)  -  7.64,  £<  .003 


Note.  PRODCTMX  *  Dual  digit-canceling  total  responses  score/max  sin¬ 
gle  digit-canceling  total  response  score. 

TRIALNO  *  Trial  on  which  max  dual  performance  occurred. 
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Discussion 


Part  One 

Single  tasks.  The  significant  differences,  for  males  and  fe¬ 
males,  noted  in  minimum  RI  and  CRI  may  reflect  somewhat  more  expo¬ 
sure  on  the  part  of  females  to  keyboard  type  activities.  Several  fe- 
nales  wno  performed  exceptionally  well  on  digit-canceling  commented 
they  had  considerable  exposure  to  adding  machines  and  desktop  calcu¬ 
lators.  The  essentially  equal  terminal  performance  levels,  as  indi¬ 
cated  in  Table  1,  also  support  the  idea  of  previous  experience  as 
opposed  to  actual  ability  differences  as  an  explanation  of  initial 
performance  differences. 

The  fact  that  the  trial  on  which  the  maximum  number  of  correct 
digit-canceling  responses  (minimum  CRI)  occurred  was  significantly 
later  for  males  appears  to  be  closely  related  to  the  aforementioned 
tendency  for  males  to  Initially  make  fewer  responses  (larger  RI)  and 
more  errors  (larger  CRI).  As  their  overall  responding  improved  (de¬ 
crease  in  RI)  so  did  their  accuracy  (decrease  in  CRI),  but  due  to 
their  initial  low  performance  level.  It  took  them  significantly  long¬ 
er  to  reach  their  maximum  performance  level. 

As  evidenced  by  the  increase  in  check  scores  over  maximum  scores 
(Table  1),  single  digit-canceling  performance  did  not  remain  stabil¬ 
ized  through  the  dual-task  trials.  This  finding  is  in  accord  with 
previous  research  (Damos,  1977)  indicating  that  single  digit-canceling 


continues  to  improve  past  initial  exit  criterion  levels.  On  the  other 
hand,  single  tracking  performance  on  check  trials  remained  essentially 
the  same  as  exit  levels,  which  again  was  in  agreement  with  the  Damos 
(1977)  findings. 

The  relationship  between  tracking  and  digit-canceling  when  per¬ 
formed  singly  was  different  for  males  and  females.  Previous  research 
(North  and  Gopher,  1976)  using  similar  measures  found  no  significant 
relationship  between  the  two  tasks  when  performed  individually.  In 
the  present  study,  female  performance  evidenced  this  nonsignificant 
relationship.  Males,  however,  as  shown  in  Table  2,  indicate  mostly 
significant  positive  relationships  between  both  maximum  and  check  trial 
tracking  and  maximum  digit-canceling  measures  (minimum  RI  and  CRI). 
These  significant  findings  are  not  noted  when  the  two  tracking  mea¬ 
sures  are  correlated  with  check  trial  RI  and  CRI  values.  The  re¬ 
sults  suggest,  for  males,  the  relationship  of  single-task  tracklnq  and 
digit-canceling  changes  as  a  result  of  additional  exposure  to  the  tasks 
past  the  exit  criterion  levels.  As  most  of  the  observable  performance 
differences  were  In  digit-canceling,  as  opposed  to  tracking  scores, 
it  is  conceivable  that  these  results  reflect  the  continued  Improvement 
In  male  digit-canceling  performance.  Since  check  trial  digit-cancel¬ 
ing  scores  are  higher  In  terms  of  actual  responses  (lower  RI  and  CRI) 
it  may  be  reasonable  to  suggest  that  they  constitute  a  better  mea¬ 
sure  of  "highest"  performance  than  do  maximum  single  trial  scores. 

If  this  is  true  it  may  be  argued  that,  for  males,  the  two  tasks  are 
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related  while  learning  Is  still  taking  place,  but  are  unrelated  once 
asymptotic  levels  are  attained.  This  terminal  relationship  is  in 
agreement  with  previous  research  findings  as  well  as  the  results  for  fe¬ 
males  in  the  present  study. 

It  was  anticipated,  based  on  past  research  findings,  that  single¬ 
task  scores  would  correlate  only  modestly  with  dual-task  performance. 
Results  for  females  support  this  hypothesis,  with  only  maximum  single¬ 
task  tracking  scores  being  significantly  related  to  any  dual-task  per¬ 
formance  measures  (CRI  and  tracking  respectively).  Single-task  scores 
for  males,  on  the  other  hand,  were  highly  related  to  dual-task  per¬ 
formance  (Table  3)  with  only  check  RI  and  CRI  values  and  dual  RI  and 
CRI  scores  showing  non-significant  correlations  with  each  other.  These 
results  suggest  that,  for  females,  only  one  single-task  measure,  track¬ 
ing,  is  a  good  indicator  of  dual -task  performance.  Males,  on  the  other 
hand,  exhibit  a  number  of  single- task  measures  that  are  indicative  of 
dual -task  scores. 

Part  Two 

Simulator  performance.  The  finding  of  significantly  better  male 
performance  on  all  six  simulator  performance  variables  was  not  anti¬ 
cipated  either  by  previous  research  or  by  performance  In  part  one  of 
this  experiment.  Since  previous  flying  experience  was  controlled  for 
It  Is  unlikely  that  this  could  have  Influenced  the  results. 

Although  It  Is  only  speculation,  there  are  several  lines  of  reason¬ 
ing  that  might  explain  the  differential  performance.  Wllllges,  et  al. 
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(1978)  in  reviewing  a  previous  study  (Williges  and  Williges,  1977),con- 
cluded  that  on  a  two-dimensional  pursuit  tracking  task. females  initial¬ 
ly  needed  more  training  time  to  reach  similar  task  proficiency  levels 
as  males.  They  also  suggest  that  many  of  the  gender  differences  noted 
in  motor  skills  may  simply  reflect  more  experience  by  males  with  sim¬ 
ilar  motor  control  tasks.  Since  flying,  like  driving,  involves  both 
compensatory  and  pursuit  tracking  it  is  conceivable  that  the  differ¬ 
ences  in  simulator  performance  merely  reflect  the  requirement  for 
additional  training  on  the  part  of  the  females. 

Another  possible  explanation  is  related  to  the  concept  of  spatial 
abilities.  A  recent  review  (Casey,  1978)  indicates  research  generally 
finds  males  superior  to  females  In  spatial  ability  performance.  If 
part  of  the  problem  involved  in  interpreting  the  attitude  indicator  in¬ 
volves  conceptualization  of  the  aircraft  relative  to  the  horizon,  this 
might  explain  some  of  the  performance  differences.  If,  on  the  other 
hand,  attitude  Interpretation  Is  more  a  stimulus-response  (input-out- 
put)  relationship  then  this  concept  will  be  of  little  interpretive  value. 

Perhaps  a  study  being  conducted  at  the  same  time  as  the  present 
research  may  provide  some  Insight  Into  the  problem.  Becker,  Williges, 
Williges,  and  Koonce  (1979)  Investigated  the  ability  of  several  measures 
of  cognitive  and  psychomotor  performance  to  predict  performance  on 
a  desktop  flight  simulator.  Their  study  Is  of  particular  Interest  be¬ 
cause  half  of  the  subject  sample  were  Air  Force  Academy  cadets.  Since 
the  population  at  the  Academy  Is  considerably  more  homogeneous  in  terms 
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of  cognitive  and  athletic  skills,  the  author  feels  somewhat  more  com¬ 
fortable  In  generalizing  from  It  to  the  present  research.  Several 
findings  from  that  research  are  of  particular  relevance  to  the  present 
discussion.  The  authors  found  males  to  be  significantly  better  than 
females  on  two  measures  of  spatial  ability  (spatial  orientation  and 
spatial  scanning,  respectively).  However,  they  also  noted  that 
there  was  no  significant  difference  In  desktop  simulator  performance 
for  Academy  males,  VPI  (Virginia  Polytechnic  Institute  and  State 
University)  males,  and  VPI  females  but  all  three  of  these  groups 
were  significantly  better  than  Academy  females.  Since  AFA  and  VPI 
females  performed  similarly  on  the  spatial  abilities  tests,  but 
differentially  on  the  simulator.  It  appears  that  spatial  abilities 
(as  measured  In  this  study)  are  not  related  to  desktop  simulator  per¬ 
formance.  Additionally,  since  performance  requirements  for  the  desk¬ 
top  simulator  were  similar  to  those  for  the  GAT-1  in  the  present  study. 

It  Is  unlikely  that  spatial  abilities  (had  they  been  measured)  would 
have  accounted  for  male-female  performance  differences  In  the  GAT-1. 

The  results  of  Becker,  et  al.  and  the  present  study  suggest  a 
curious  tendency  for  Academy  females  to  perform  In  an  unpredlctably 
poorer  manner  on  flying  related  tasks.  Although  It  would  take 
additional  research  to  substantiate  the  fact.  It  Is  the  opinion  of  the 
author  that  a  major  factor  In  the  poorer  performance  may  have  been  a 
simple  case  of  the  Academy  females  trying  "too  hard"  to  prove  themselves 
equal  to  the  males  In  terms  of  flying  capabilities.  This  resulted  In  a 
typical  Yerkes-Dodson  overarousal -poor  performance  relationship.  For  one 
thing,  there  appeared  to  be  more  of  a  tendency  for  females  to  exacerbate 
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One  other  observation  on  the  part  of  the  author,  sujgestiiifj  that 
females  may  have  boon  trying  too  haid,  came  from  conversations  with 
cadets  and  listening  to  their  repartee. 

In  spite  of  the  fact  that  all  of  the  aforementioned  explanations 
for  performance  differences  are  purely  speculative,  the  need  for  more 
research  to  investigate  the  issue  is  clearly  indicated. 

Although  the  males  performed  significantly  better  than  the  females 
on  all  six  simulator  scores,  an  examination,  by  gender,  of  the  inter¬ 
correlations  of  the  simulator  variables  (Tables  6  &  7)  suggest  the 
pattern  of  responding  was  very  similar  for  both  males  and  females.  The 
first  relationship  of  interest  is  that  between  heading  and  vertical 
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m trover:-,  involved  rfc  viaticus  f row  d  aired  headings  and  vertical 
vcloeit iK,  wr re  se.rral  basic  differences  between  the  maneuvers 

that  might  help  e,  f  luii*  pr  ri ovnance  differences.  The  GAT  is  designed 
to  closely  simulate  light  aircraft  handling  characteristics. 

Consequently,  i  i  gene-rally  requires  some  right  rudder  in  a  climb  to 
offset  the  effects  of  rigging  and  asymmetrical  loading  cf  the  propeller, 
and  left  rudder  in  a  descent  to  compensate  for  rigging.  Straight  and 
level  flight,  on  the  ether  hand,  does  not  normally  require  the  use  of 
rudder.  Since  the  use  of  the  rudder  necessitates  the  checking  of 
another  instrument  (the  turn  and  slip  indicator)  as  well  as  the 
operation  of  another  control,  it  may  be  that  climbs  and  descents  are 
more  related  and  perhaps  more  difficult  than  straight  and  level.  The 
pattern  of  correlations  for  both  males  and  females  suggest  the  likelihood 
of  this  Interpretation.  Both  males  and  females  exhibit  significant 
correlations  between  climb  and  descent  performance,  and  nonsignificant 
correlations  between  straight  and  level  an<J  either  climbs  or  descents. 
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Additionally,  the  relationship  between  the  measure  of  overall  perform¬ 
ance,  STANTOT,  and  climb  and  descent  performances  tended  to  be  stronger 
than  that  indicated  between  STANTOT  and  straight  and  level.  This  find¬ 
ing  was  the  same  for  both  males  and  females. 

Of  all  the  intercorrelations  between  simulator  variables  (Tables 
6  &  7)  there  was  only  one  in  which  males  and  females  did  not  correspond 
with  respect  to  significance  or  nonsignificance.  This  was  the  relation¬ 
ship  of  the  overall  vertical  velocity  performance  to  that  of  straight 
and  level.  For  females  this  relationship  was  significant  for  males 
it  was  nonsignificant.  In  view  of  the  numerous  other  similar  relation¬ 
ships  between  male  and  female  simulator  performance,  the  Importance  of 
this  one  example  of  noncorrespondence  appears  minimal. 

Simulator  prediction.  It  was  hypothesized  that  dual-task,  or  time¬ 
sharing,  measures  of  performance  would  be  more  useful  than  single-task 
measures  for  predicting  simulator  performance.  Examination  of  the  "overall" 
(Including  gender  as  a  variable)  multiple  regression  equations  ^Tables 
8-13)  for  the  six  simulator  variables  provides  strong  support  for  this 
hypothesis.  Besides  gender,  the  only  other  variables  appearing  in  any 
of  the  six  equations  are  all  time-sharing  measures.  The  reason  for 
gender's  appearance  in  all  of  the  equations  is  a  direct  result  of  the 
significantly  better  male  performance  on  all  six  simulator  variables. 

The  positive  (sign)  relationship  between  gender  and  the  simulator  scores 
Is  merely  an  artifact  of  the  dummy  coding  procedures  whereby  females 
were  given  a  higher  number  than  males/  It  should  be  remembered,  of 
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course,  that  a  number ically  higher  simulator  score  corresponds  to  poorer 
performance  as  it  is  indicative  of  greater  deviation  from  desired  values. 

One  of  the  most  important  findings  of  the  present  study  was 
that,  besides  gender,  the  most  frequently  occurring  variable  in  the 
"overall"  predictor  equations  was  a  time-sharing  proportion  score, 

PRODCTMX  (which  represents  the  ratio  of  the  total  digits  canceled  on 
the  maximum  dual  performance  trial  divided  by  the  total  responses  on 
the  maximum  single-task  trial).  This  ratio  of  dual  to  sinqle-task 
performance  is  thought  to  be  a  measure  of  time-sharing  efficiency 
(North  &  Gopher,  1976).  Within  this  framework,  single-task  maximum 
performance  is  conceptualized  as  an  operational  definition  of  an 
individual's  capacity.  The  proportion  score  then  indicates  the 
percentage  of  this  capacity  maintained  in  the  dual  situation.  The 
magnitude  of  the  weightings  associated  with  this  variable  are  in¬ 
dicative  of  Its  Importance  in  the  regression  equations.  Additionally, 
the  negative  sign  is  appropriate  since  it  indicates  the  higher  the 
efficiency  score,  the  better  (lower)  the  simulator  score.  This  is 
important  because  it  indicates  that  in  predicting  simulator  performance 
the  relationship  between  dual  and  single-task  performance  is  more 
Important  than  the  magnitude  of  single  or  dual -task  performance  scores. 

Although  it  was  not  anticipated  that  there  would  be  overall 
gender  differences  in  simulator  performance,  it  was  hypothesized  that 
regression  equations  based  on  gender  would  involve  different  variables  as 
well  as  different  weightings  for  similar  variables.  The  separate  male 
and  female  equations  for  the  six  simulator  variables  (Tables  8-13)  are 
In  agreement  with  this  hypothesis.  A  perusal  of  the  variables  Involved 
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in  these  gender-based  equations  provides  some  interesting  results.  For 
males,  all  of  the  variables  are  either  dual -task  performance  scores  or 
single-task  rate  of  acquisition  scores.  Female  results  indicated  that 
several  single-task  variables  were  significant  for  predicting  over¬ 
all  heading  and  straight  and  level  performance.  Additionally,  several 
dual-task  measures  and  a  single-task  rate  of  acquisition  variable 
were  important  in  two  of  the  predictor  equations. 

In  general,  considering  overall,  male,  and  female  regression 
equations,  time-sharing  measures  provided  the  best  estimates  of 
simulator  performance.  This  is  true  despite  the  lack  of  a  consistent 
relationship  between  the  variables  in  gender-based  equations,  and 
those  appearing  in  corresponding  overall  performance  equations  (which 
resulted  from  performance  variability  both  within  and  between  male  and 
female  groupings). 

An  unexpected  finding  was  that  using  gender-based  regression 
equations,  female  simulator  performance  was  more  accurately  predicted 
than  male  performance.  This  differential  predictive  capability  was 
due  to  the  male-female  differences  in  simulator  performance 
variability  (with  females  exhibiting  much  more  variability,  and 
therefore,  better  predictability). 
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Conclusions 

The  present  research  was  designed  to  investigate  the  efficacy  of 
various  measures  of  time-sharing  skill  derived  from  scores  on  two  psy¬ 
chomotor  tasks  to  predict  performance  in  a  general  aviation  flight 
trainer.  Of  special  interest  was  the  issue  of  possible  gender  differ¬ 
ences  in  these  skills. 

It  is  evident  from  the  results  of  this  study(and  from  other  re¬ 
search)  that  time-sharing  measures  provide  better  performance  pre¬ 
dictability  than  do  single-task  measures.  It  is  of  special  interest  that 
the  best  single  predictor,  besides  gender,  was  a  time-sharing  propor¬ 
tion  score  which  conceptually  is  thought  to  reflect  dual-task  capacity 
efficiency. 

In  agreement  with  previous  research  (Savage,  et  al,  1978  (b ) ) ,  re¬ 
gression  equations  based  on  gender  were  found  to  be  comprised  of  dif¬ 
ferent  predictor  variables  and  different  weightings  on  similar  variables. 

The  finding  of  general  male  superiority  in  simulator  performance 
was  speculated  to  have  resulted,  at  least  in  part,  from  the  tendency  of 
females  to  "try  too  hard"  resulting  in  overarousal  and  subsequently  poor¬ 
er  performance.  Even  though  overall  performance  differed  for  males  and 
females  in  the  simulator,  the  relationships  between  the  six  simulator 
variables  tended  to  be  both  significant  and  similar. 

There  are  several  implications  of  this  research  for  those  Involved 
in  the  selection  and  training  of  individuals  for  complex-skill  perform 
ance:  (a)  time-sharing  measures,  particularly  proportion  scores,  can 


47 


be  useful  indicators  of  prospective  performance;  (b)  if  both  males  and 
females  are  involved  in  the  proposed  activity,  then  it  is  likely  that 
different  regression  equations  will  result  in  better  performance 
predictability;  (c)  if  the  training  involves  both  males  and  females  it 
may  be  necessary  to  insure  that  a  "nonproductive"  sense  of  competitive¬ 
ness  does  not  adversely  affect  performance.  The  difference  between 
optimum  arousal  and  over-arousal  in  many  cases  may  be  quite  small  and 
difficult  to  recognize. 

Suggestions  for  Future  Research 

The  need  to  investigate  further  the  overall  gender  differences  in 
simulator  performance  is  apparent.  Perhaps  the  appropriate  experi¬ 
mental  paradigm  is  an  information  processing  approach  (Marteniuk,  1976) 
which  would  examine  differences  in  perceptual,  decision,  and  effector 
capabilities.  At  the  same  time,  it  might  prove  beneficial  to 
investigate  the  appropriateness  of  the  concept  of  time-sharing  ability 
in  a  multi -processor  (Hawkins,  Church,  and  de  Lemos,  1978;  Hawkins, 
Rodriguez,  and  Reicher,  1978;  McLeod,  1977;  Navon  and  Gopher,  1979) 
versus  a  single-channel  model  of  attention  and  information  processing. 


48 


References 


Adams,  J.  A.  The  prediction  of  performance  at  advanced  stages  of  train¬ 
ing  on  a  complex  psychomotor  task.  USAF:  Research  Bulletin  53-49, 
Perceptual  and  Motor  Skills  Research  Laboratory,  Lackland  AFB,  San 
Antonio,  Tx.  December,  1953. 

Adams,  J.  A.  Some  considerations  in  the  design  and  use  of  dynamic 

flight  simulators.  In  H.  W.  Sinaiko  (Ed.)  Selected  papers  on  hu¬ 
man  factors  in  the  design  and  use  of  control  systems.  New  York: 
Dover  Publications,  Inc~,  1961,  88-114. 

Allport,  D.  A.,  Antonis,  B.,  &  Reynolds,  P.  On  the  division  of  atten¬ 
tion:  A  disproof  of  the  single  channel  hypothesis.  Quarterly 
Journal  of  Experimental  Psychology,  1972,  24,  225-235. 

Bahrick,  H.  P.,  Noble,  M.,  &  Fitts,  P.  M.  Extra-task  performance  as 
a  measure  of  learning  a  primary  task.  Journal  of  Experimental  Psy¬ 
chology,  1954,  48,  298-302. 

Bahrick,  K.  P.  &  Shelley,  S.  Time  sharing  as  an  index  of  automatiza¬ 
tion.  Journal  of  Experimental  Psychology,  1958,  56,  288-293. 

Baker,  K.  E.,  Wylie,  R.  C.,  &  Gagne,  R.  M.  The  effects  of  an  inter¬ 
fering  task  on  the  learning  of  a  complex  motor  skill.  Journal  of 
Experimental  Psychology,  1951,  41,  1-8. 

Barr,  A.  J.,  Goodnight,  J.  H.,  Sail,  J.  P.,  &  Helwig,  J.  T.  A  user's 
guide  to  SAS  76.  Raleigh,  N.  C.  :  Sparks  Press,  1976. 

Bartlett,  F.  C.  The  measurement  of  human  skill.  British  Medical  Jour¬ 
nal,  1947 *  4510.  835-838. 

Becker,  R.  R.,  Will iges ,  B.  H.,  Wllliges,  R.  C.,  &  Koonce,  J.  M. 
Prediction  of  performance  In  motor  skills  training.  Paper  to  be 
presented  at  the  23rd  Annual  Human  Factors  Society,  Boston,  1979. 

Beringer,  D.  B.,  Will iges,  R.  C.,  &  Roscoe,  S.  N.  The  transition  of 

experienced  pilots  to  a  frequency-separated  aircraft  attitude  dis¬ 
play.  Human  Factors,  1975,  17,  401-414. 

Bilodeau,  E.  A.  The  relationship  between  a  relatively  complex  motor 
skill  and  Its  components.  American  Journal  of  Psychology.  1957, 

70,  49-55.  * 


49 


Bilodeau,  E.  A.  &  Bilodeau,  I.  McD.  Motor-skills  learning.  An- 
nual  Review  of  Psychology,  1961,  12,  243-280. 

Briggs,  6.  E.  &  Wiener,  E.  L.  Influence  of  time  sharing  and  con¬ 
trol  loading  on  transfer  of  training.  Journal  of  Applied  Psy¬ 
chology.  1966,  50,  201-203. 

Broadbent,  D.  E.  Perception  and  communication.  London:  Pergammon 
Press,  1958. 

Broadbent,  D.  E.  Decision  and  stress.  London:  Academic  Press,  1971. 

Broverman,  D.  M.,  Klaiber,  E.  E.,  Kobayashl,  Y.,  &  Vogel,  W.  Role 
of  activation  and  inhibition  In  sex  differences  in  cognitive 
abilities.  Psychological  Review,  1968,  75..  23-50. 

Brown,  I.  0.  The  measurement  of  perceptual  load  and  reserve  capa¬ 
city.  Transactions  of  the  Association  of  Industrial  Medical  Of¬ 
ficers,  1964,  14,  44-49.  ~ 

Brown,  I.  D.  Dual  task  method  of  assessing  workload.  Ergonomics, 
1978,21,221-224.  ” 

Casey,  S.  M.  Functional  asymnetrles  of  hand  and  brain  as  Indices  of 
spatial  ability.  Unpublished  doctoral  dissertation.  North  Caro¬ 
lina  State  University,  1979. 

Chambers,  R.  M.  Transfer  of  training  among  components  within  a  com¬ 
plex  psychomotor  task.  Paper  presented  at  the  Midwestern  Psycho¬ 
logical  Association,  Detroit,  Michigan,  1958b. 

Chambers,  R.  M.  Effects  of  knowledge  of  results  on  the  learning  and 
structure  of  complex  psychomotor  skill.  Paper  presented  at  the 
Eastern  Psychological  Association,  Philadelphia,  Penn.,  1958a. 

Chiles,  W.  D.  Methodology  In  the  assessment  of  complex  performance: 
Introduction.  Human  Factors.  1967,  9.,  325-327.  (a) 

Chiles,  W.  D.  Methodology  In  the  assessment  of  complex  performance: 
Discussion  and  conclusions.  Human  Factors,  1967,  9,  385-392.  (b) 

Chiles,  W.  D.  &  Jennings,  A.  E.  Effects  of  alcohol  on  complex  perform¬ 
ance.  Human  Factors,  1970,  12,  605-612. 


Chiles,  VI.  0.,  lampletro,  P.  F.,  &  Higgins,  E.  A.  Combined  effects 
of  altitude  and  high  temperature  on  complex  performance.  Human 
Factors ,  1972,  14,  161-172. 

Chiles,  U.  D.,  Jennings,  A.  E.,  &  West,  G.  Multiple  task  performance 
as  a  predictor  of  potential  air  traffic  controller  trainees.  FAA 
Office  of  Aviation  Medicine  Report  No.  AM-72-5,  1972. 

Conrad,  R.  Missed  signals  In  sensorimotor  skill.  Journal  of  Experi¬ 
mental  Psychology.  1954,  48*.  1-9. 

Conrad,  R.  Adaptation  to  time  In  sensorimotor  skill.  Journal  of  Ex¬ 
perimental  Psychology.  1955,  49,  115-121.  (a) 

Conrad,  R.  Timing.  Occupational  Psychology,  1955,  29,  3.  (h) 

Conrad,  R.  The  timing  of  signals  In  skill.  Journal  of  Experimental 
Psychology.  1956,  51,  365-370. 

Cralk,  K.  W.  J.  Theory  of  the  human  operator  In  control  systems:  II. 
Man  as  an  element  In  a  control  system.  British  Journal  of  Psy¬ 
chology,  1948,  38,  142-148. 

Damos,  D.  L.  Development  and  transfer  of  time  sharing  skills.  Pro¬ 
ceedings  of  the  21st  Annual  Meeting  of  the  Human  Factors  Society, 

wrn~* -  - 

Damos,  D.  L.  Residual  attention  as  a  predictor  of  pilot  performance. 
Human  Factors,  1978,  20,  435-440. 

Damos,  D.  L.  &  Roscoe,  S.  N.  Cross-adaptive  measurement  of  residual 
attention  In  pilots.  Savoy,  Illinois:  University  of  Illinois  at 
Urbana-Champalgn,  Aviation  Research  Laboratory,  TR  ARL-70-9/AF0SR- 
70-2,  1970. 

Damos,  D.  L.  &  WIckens,  C.  D.  The  Identification  and  transfer  of  time 
sharing  skills  (F44620-76-6-0009).  Article  based  on  doctoral 
dissertation.  University  of  Illinois  at  Urbana-Champalgn,  1977. 

Deutsch,  J.  A.  &  Deutsch,  0.  Attention:  some  theoretical  consider¬ 
ations.  Psychological  Review,  1963,  70,  80-90. 

Fitts,  P.  M.  Skill  maintenance  under  adverse  conditions.  In  B.  E. 
Flaherty  (Ed.)  Psychophyslologlcal  Aspects  of  Space  Flight.  Co¬ 
lumbia:  Columbia  University  press,  1961. 

Fitts,  P.  M.  Perceptual -motor  skill  learning.  In:  Melton,  A.  W.  (Ed.) 
Categories  of  human  learning.  New  York:  Academic  Press,  1964 


V 

v 


51 


Fleishman,  E.  A.  Testing  for  psychomotor  abilities  by  means  of  ap¬ 
paratus  tests.  Psychological  Bulletin,  1953b,  50,  241-262. 

Fleishman,  E.  A.  Abilities  at  different  stages  of  practice  In  Rotary 
Pursuit  performance.  Journal  of  Experimental  Psychology,  1960, 

60,  162-171.  (a) 

Fleishman,  E.  A.  Factors  In  complex  skill  training.  In  R.  Glaser 
(ed.)  Training  research  and  education.  Pittsburgh,  Pa.:  Unl- 
versl ty  of  Pittsburgh  Press,  1962. 

Fleishman,  E.  A.  The  prediction  of  total  task  performance  from  prior 
practice  on  task  components.  Human  Factors.  1965,  ]_,  18-27. 

Fleishman,  E.  A.  Human  abilities  and  the  acquisition  of  skill.  In 
E.  A.  Bilodeau,  (Ed.)  Acquisition  of  Skill.  New  York:  Academic 
Press,  1966. 

Fleishman,  E.  A.  Performance  assessment  based  on  an  empirically  de¬ 
rived  task  taxonomy.  Human  Factors.  1967,  9,  349-366. 

Fleishman,  E.  A.  On  the  relation  between  abilities,  learning,  and 
human  performance.  American  Psychologist.  1972,  27,  1017-1032. 

Fleishman,  E.  A.  Relating  Individual  differences  to  the  dimensions  of 
human  tasks.  Ergonomics,  1978,  21.,  1007-1019. 

Fleishman,  E.  A.  &  Hempel ,  W.  E.  Changes  In  factor  structure  of  a  com¬ 
plex  psychomotor  task  as  a  function  of  practice.  Psycometrl ka , 
1954,  19,  239-252,  (a) 

Fleishman,  E.  A.  &  Hempel,  W.  E.  Relation  between  abilities  and  Im¬ 
provement  with  practice  In  a  visual  discrimination  reaction  task. 
Journal  of  Experimental  Psychology,  1955,  49,  301-312. 

Fleishman,  E.  A.  &  Hempel,  W.  E.,  Jr.  Factorial  analysis  of  complex 
psychomotor  performance  and  related  skills.  Journal  of  Applied 
Psychology.  1956  ,  40  ,  96-104.  ~ “ 

Freedle,  R.  0.,  Zavala,  A.  N.,  &  Fleishman,  E.  A.  Studies  of  compon¬ 
ent-total  task  relations:  Order  of  component-total  task  perform¬ 
ance  and  total  task  predictability.  Human  Factors.  1968,  10,  238- 
296. 

Garal,  J.  E.,  and  Schelnfeld,  A.  Sex  differences  In  mental  and  be¬ 
havioral  traits.  6enet1c  Psychological  Monographs.  1968,  77,  169- 
299. 


r.~  .  • 


Garvey,  W.  0.  A  comparison  of  the  effects  of  training  and  secondary 
task  on  tracking  behavior.  Journal  of  Applied  Psychology,  1960, 

44,  370-375. 

Gopher,  D.,  &  Kahneman,  0.  Individual  differences  In  attention  and 
the  prediction  of  flight  criteria.  Perceptual  and  Motor  Skills, 
1971,  33,  1335-1342. 

Gopher,  0.  &  North,  R.  A.  Manipulating  the  conditions  of  training  In 
time-sharing  performance.  Human  Factors,  1977,  19,  583-593. 

Hagan,  R.  E.  Sex  differences  In  driving  performance.  Human  Factors, 
1975,  17,  165-171. 

Hawkins,  H.  L.,  Church,  M.,  &  de  Lemos,  S.  Time-sharing  is  not  a  uni¬ 
tary  ability.  University  of  Oregon  TR-2  (0NR-N0014-77-C-0643). 
Eugene,  Oregon,  1978. 

Hawkins,  H.  L.,  Rodriguez,  E.,  &  Relcher,  G.  M.  Is  time-sharing  a 
general  ability?  University  of  Oregon  (0NR-N0014-77-C-0643). 
Eugene,  Oregon,  1978. 

Herman,  L.  M.  Study  of  the  single-channel  hypothesis  and  Imput  re¬ 
gulation  within  a  continuous,  simultaneous  task  situation. 

Quarterly  Journal  of  Experimental  Psychology,  1965,  17,  37-46. 

Hudgens,  G.  A.  &  Billingsley,  P.  A.  Sex:  The  missing  variable  In  hu¬ 
man  factors  research.  Human  Factors.  1978,  20,  245-249. 

Jennings,  A.  E.  &  Chiles,  W.  D.  An  Investigation  of  time-sharing  a- 
blllty  as  a  factor  In  complex  performance.  Human  Factors.  1977, 

19,  535-547. 

Kahneman,  0.  Attention  and  effort.  Englewood  Cliffs,  New  Jersey: 

Prenti  ce-HaTTTTSTT. - 

Kahneman,  0.,  Ben-Ishal,  R.,  &  Lotan,  M.  Relation  of  a  test  of  atten¬ 
tion  to  road  accidents.  Journal  of  Applied  Psychology.  1973,  58, 
113-115.  -  -  ~ 

Keele,  S.  H.  Attention  and  human  performance.  Pacific  Palisades,  Ca: 
Goodyear,  1973. 

Keele,  S.  W.,  Neill,  W.  T.,  &  de  Lemos,  S.  M.  Individual  differences  in 
attentlonal  flexibility  (N0014-77-C-0643).  Eugene,  Oregon:  Center 
for  Cognitive  and  Perceptual  Research,  May  1978. 


i 


53 


Kerllnger,  F.  N.  6  Pedhazur,  E.  J.  Multiple  regression  In  behavioral 
research.  New  York:  Holt,  Rinehart,  and  Winston  Inc.,  1973. 

Kerr,  B.  Processing  demands  during  mental  operations.  Memory  and 
Cognition,  1973,  1.,  401-402. 

Koonce,  J.  M.  Utility  of  a  general  aviation  trainer  (GAT-1)  In  the  T- 
41  flight  Insturctlon  program.  USAFA  Tech  Report  to  be  published. 

Kraus,  E.  F.  A  parametric  study  of  pilot  performance  with  modified 
aircraft  control  dynamics,  varying  navigational  task  complexity, 
and  Induced  stress.  Savoy,  Illinois:  University  of  Illinois  at 
Urbana-Champaign,  Aviation  Research  Laboratory,  TR  ARL-73-10/ 
AF0SR-73-6/FAA-73-3 ,  1973. 

LaBerge,  D.  Identification  of  two  components  of  the  time  to  switch  at¬ 
tention:  A  test  of  a  serial  and  a  parallel  model  of  attention. 

In  S.  Kornblum  (Ed.),  Attention  and  performance  IV.  New  York: 
Academic  Press,  1973. 

LaBerge,  D.  Acquisition  of  automatic  processing  In  perceptual  and  as¬ 
sociative  learning.  In  P.  M.  A.  Rabbltt  &  S.  Domic  (Eds.),  At- 
At tent ion  and  performance  V.  London:  Academic  Press,  1975. 

Marteniuk,  R.  G.  Information  processing  In  motor  skills.  New  York: 

Holt,  Rinehart,  and  Winston,  i&76. 

McCloy,  T.  M.  A  critique  of  the  secondary  task  technique.  IE  694  term 
paper.  North  Carolina  State  University,  Summer  1978. 

McLeod,  P.  A  dual  task  response  modality  effect:  Support  for  multi¬ 
processor  models  of  attention.  Quarterly  Journal  of  Experimental 
Psychology,  1977,  29,  651-667. 

Melster.  D.  Human  factors:  Theory  and  practice.  New  York:  Wiley, 

1971. 

Moray,  N.  Attention:  Selective  processes  In  vision  and  hearing.  Lon¬ 
don:  Hutchinson,  1958. 

Navon,  D.  &  Gopher,  D.  On  the  economy  of  the  human  processing  center. 
Psychological  Review.  1979,  86,  214-255. 

Nle,  N.  H.  Hull,  C.  H.,  Jenkins,  J.  G.»  Stelnbrenner,  K.,  &  Bent,  D.  H. 
Statistical  package  for  the  social  sciences.  New  York;  Mcgraw-Hlll, 
T97 r. -  —  - 

Nelsser.^u.  Cognitive  psychology.  New  York:  Appleton-Century-CrQfts, 


54 


Noble,  C.  E.»  Baker,  3.  L.,  &  Jones,  T.  A.  Age  and  sex  parameters 
in  psychomotor  learning.  Perceptual  and  Motor  Skills,  1964, 

19,  935-945. 

Noble,  C.  E.  Acquisition  of  pursuit  tracking  skill  under  extended 
training  as  a  joint  function  of  sex  and  Initial  ability.  Jour¬ 
nal  of  Experimental  Psychology,  1970,  86,  360-373. 

Noble,  M.  A  Trumbo,  0.  The  organization  of  skilled  response.  Or¬ 
ganizational  Behavior  and  Human  Performance,  1967,  2,  1-25. 

Norman,  D.  A.  Toward  a  theory  of  memory  and  attention.  Psycholo¬ 
gical  Review,  1968,  75,  522-36. 

Norman,  0.  A.  &  Bobrow,  D.  J.  On  data-limited  and  resource-limited 
processes.  Cognitive  Psychology,  1975,  44-64. 

North,  R.  A.  &  Gopher,  0.  Measures  of  attention  as  predictors  of 
flight  performance.  Human  Factors,  1976,  18,  1-14. 

Parker,  J.  F.,  Jr.  The  identification  of  performance  dimensions 
through  factor  analysis.  Human  Factors,  1967,  9,  367-373. 

Parker,  J.  F.  &  Fleishman,  E.  A.  Ability  factors  and  component  per¬ 
formance  measures  as  predictors  of  complex  tracking  behavior. 
Psychological  Monographs,  1960,  74,  N503. 

Passey,  G.  E.,  4  McLaurin,  W.  A.  Perceptual -psychomotor  tests  in  air¬ 
crew  selection:  Historical  review  and  advanced  concepts.  Lack- 
land  AFB,  Texas:  Personnel  Research  Laboratory,  contract  AF  (609)- 
2796,  Project  7719,  Task  771904,  PRL-TR-66-4,  June,  1966. 

Poulton,  E.  C.  Environment  and  human  efficiency.  Springfield,  Illinois: 
C.  C.  Thomas,  1970. 

Rolfe,  J.  M.  Multiple  task  performance:  operator  overload.  Occupa¬ 
tional  Psychology,  1971,  45,  125-132. 

Rolfe,  J.  M.  The  secondary  task  as  a  measure  of  mental  load.  In  Sin¬ 
gleton  et  al.  Measurement  of  man  at  work,  1971. 

Roscoe,  S.  N.  Man  as  a  precious  resource:  The  enhancement  of  human 
effectiveness  In  flight  operations.  Savoy,  Illinois:  University 
of  Illinois  at  Urbana-Champalgn,  Aviation  Research  Laboratory,  TR 
ARL-74-20/AF0SR-74-14,  1974. 


Roscoe,  S.  N.  ft  Kraus,  E.  F.  Pilotage  error  and  residual  attention: 
The  evaluation  of  a  performance  control  system  In  airborne  area 
navigation.  Navigation,  1973,  20,  267-279. 

Savage,  R.  E.,  Will iges ,  R.  C.  ft  Williges,  B.  H.  Cross-validation  of 
regression  equations  to  predict  performance  in  a  pursuit  track¬ 
ing  task.  Proceedings  of  the  22nd  annual  meeting  of  the  Human 
Factors  Society,  1978,  369-372.  (a) 

Savage,  R.  E.,  Williges,  R.  C.,  &  Williges,  B.  H.  Individual  dif¬ 
ferences  in  motor  skill  training.  Proceedings  of  the  Sixth  Psy¬ 
chology  in  the  DoD  Symposium,  1978,  4l-43.  (b)  ~ 

Schneider,  W.  &  Shiffrin,  R.  M.  Controlled  and  automatic  human  in¬ 
formation  processing:  I.  Detection,  search,  and  attention. 
Psychological  Review,  1977,  84,  1-66 

Singer,  R.  N.  Motor  learning  and  human  performance.  New  York;  Mac¬ 
millan,  197!T 

Sluchak,  T.  J.  Secondary  loading  tasks  and  fundamentals  of  skill. 

Psy  545  term  paper.  North  Carolina  State  University,  Fall  1977. 

Sverko,  B.  Individual  differences  In  time-sharing  performance.  Acta 
Institutl  Psychologlcl.  1977,  79,  17-30. 

Swets,  N.  A.  &  Krlstofferson,  A.  B.  Attention.  Annual  Review  of  Psy¬ 
chology.,  1970,  21,  339-366. 

Trelsman,  A.  M.  ft  Davies,  A.  Divided  attention  to  ear  and  eye.  In 
Komblum,  S.  (Ed.),  Attention  and  performance  IV.  New  York: 
Academic  Press,  1973. 

Vanderkolk,  R.  0.,  ft  Roscoe,  S.  N.  Simulator  tests  of  pilotage  error 
in  area  navigation  with  vertical  guidance:  Effects  of  descent 
angle  and  display  scale  factor.  Springfield,  Virginia:  National 
Technical  Information  Service,  Interim/Final  Report,  Phase  III, 
FAA-RD-73,  202,  1973. 

Welford,  A.  T.  The  "psychological  refractory  period"  and  the  timing 
of  high-speed  performance:  A  review  and  a  theory.  British  Jour¬ 
nal  of  Psychology.  1952,  43,  2-19. 

Welford,  A.  T.  Fundamentals  of  skill.  London:  Methuen,  1968. 

Welford,  A.  T.  Skilled  performance.  Glenview,  Ill:  Scott,  Forseman, 
1976. 


Wllllges,  8.  H.  &  Willlges,  R.  C.  Learner-centered  versus  automatic 
adaptive  motor  skill  training.  Journal  of  Motor  Behavior.  1977. 
9,  325-331. 

Wllllges.  B.  H.,  Williges,  R.  C.,  &  Savage,  R.  E.  Matching  Initial 
performance  and  the  measurement  of  sex  differences.  Proceedings 
of  the  Sixth  Psychology  In  the  DoD  Symposium,  1978,  37-46. 


FOOTNOTES 


Hhe  GAT-1  was  constructed  to  simulate  performance  characteristics 
of  a  single-engine,  propeller  driven  aircraft  (e.g.,  a  Cessna-172). 

The  instruments  and  controls  correspond  to  those  typically  installed  in 

that  type  of  an  aircraft  (see  Appendix  B). 

2 

A  pilot  study  indicated  that  subjects'  performance  became 
reasonably  stabilized  after  three  to  six  minutes  on  the  task.  This 
corresponded  to  approximately  180  to  360  responses. 

3 

In  a  pilot  study,  subjects'  demonstrated  minimal  performance 
improvement  after  three  to  six  minutes  of  tracking  (three  to  six 
trials). 

4 

Since  single-task  exit  scores  formed  the  Indices  for  several 
time-sharing  measures,  it  was  Important  to  check  that  these  scores 
were  accurate  measures  of  an  Individual's  maximum  performance 
capability. 

5 

An  analog  computer  was  not  available  at  the  time  of  this  study. 

6Except  for  straight  and  level  vertical  velocity  scores  (which 
represented  "total"  absolute  deviation),  heading  and  vertical 
velocity  scores  on  all  three  maneuvers  were  obtained  by  calculating 
"average"  absolute  deviations  from  desired  values. 

70ummy  coding  (assigning  numeric  values  to  classification 
variables)  allows  classification  variables  to  be  evaluated  as 
numeric  variables  In  the  step-wise  regression  analysis. 
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General  Aviation  trainer  (GAT-1) 


Single  and  Dual  Task  Instructions 

Today  you  will  perform  a  series  of  trials  involving  the  indi¬ 
vidual  and  simultaneous  use  of  the  single-axis,  compensatory  tracker 
and  the  digit-cancellation  task.  Throughout  the  session,  trials  will 
be  one  minute  in  duration  with  20  second  rest  periods  between  success¬ 
ive  trials. 

First,  let  me  demonstrate  the  operation  of  the  tracker.  The  ob¬ 
jective  in  this  task  is  to  keep  the  miniature  aircraft  superimposed 
on  the  moving  horizon  line.  To  accomplish  this  you  pull  the  control 
stick  towards  you  if  the  horizon  line  is  above  the  miniature  aircraft. 
(Demonstrate)  Conversely,  if  the  horizon  line  is  below  the  miniature 
aircraft  you  must  push  the  stick  away  from  you.  (Demonstrate)  Now  you 
try  it.  Grasp  the  stick  lightly  in  your  right  hand  and  be  careful  to 
avoid  making  large  abrupt  movements.  (Let  Subject  Practice)  Do  you 
have  any  questions?  If  not,  you  are  ready  to  start  the  tracking  trials. 
When  I  close  the  door  to  the  booth  I  will  place  the  task  in  the  rest 
period.  At  the  start  of  the  rest  period  the  horizon  line  will  shrink 
to  a  dot  and  remain  stationary  in  the  center  of  the  scope.  During 
the  rest  period  you  should  relax,  but  continue  to  hold  the  stick  light¬ 
ly  and  monitor  the  scope.  After  20  seconds  the  horizon  line  will  ex¬ 
pand  across  the  scope  and  start  moving  up  and  down.  This  Is  your  sig¬ 
nal  to  start  tracking.  I  will  now  place  the  tracker  In  the  rest  period 
and  you  will  begin  this  task.  (Subject  Performs  The  Tracking  Trials) 
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Now  you  will  work  the  digit  cancellation  task  by  itself.  With 
your  left  hand  press  the  key  corresponding  to  the  digit  appearing 
in  the  window.  If  you  press  an  incorrect  key  you  will  hear  a  tone 
like  this,  (Demonstrate)  and  the  digit  will  remain  in  the  window. 

If  this  occurs,  ignore  the  tone  and  press  the  appropriate  key  to  can¬ 
cel  the  digit.  The  object  of  this  task  is  to  work  as  quickly  as 
possible  without  sacrificing  accuracy.  No  digits  will  appear  in  the 
window  during  the  20  second  rest  periods.  Are  there  any  questions? 

If  not,  I  will  close  the  door  and  put  the  task  In  the  rest  period. 

When  the  trial  begins,  a  number  will  appear  in  the  window  and  a  tone 
will  sound.  Remember  to  work  as  rapidly  and  accurately  as  you  can. 

(Subject  Performs  The  Digit  Canceling  Trials) 

Now  you  are  going  to  perform  both  tasks  simultaneously.  I  want 
you  to  consider  the  tasks  of  equal  Importance  and  attempt  to  balance 
your  effort  between  them.  After  the  third  trial  I  may  utilize  the 
microphone  to  provide  you  feedback  as  to  how  you  are  doing  balancing 
your  effort.  1  might  say  for  Instance,  "you  need  to  concentrate  a 
little  more  on  tracking."  This  doesn't  mean  forget  digit-canceling, 
but  merely  modify  your  present  strategy  so  as  to  allocate  a  little 
more  effort  to  tracking.  You  will  perform  both  tasks  together  for 
five  trials,  then  one  trial  of  tracking  by  Itself,  one  trial  of  digit¬ 
canceling  by  Itself,  and  finally  five  trials  with  both  tasks  together.  j 

You  don't  have  to  remember  the  order  of  the  trials  as  I  will  Inform  j 

I 

you  over  the  speaker  of  the  conditions  for  the  upcoming  trial.  Do 


-  -i  .v  -a*-  *  *  •  ■ 
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you  have  any  questions?  If  not  I  will  place  the  tasks  In  the  rest 
period  and  close  the  door.  When  the  trial  starts  remember  to  alio 
cate  equal  Importance  to  both  tasks. 


•f**' 
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Simulator  Instructions 

Today  you  are  going  to  be  Introduced  to  a  few  of  the  basic  aspects 
of  instrument  flying.  I  want  you  to  relax  and  enjoy  yourself  and  today's 
session  should  be  fun  as  well  as  a  learning  experience.  If  at  any  time 
you  do  not  understand  my  instructions  please  Interrupt  me  and  1  will 
attempt  to  clear  up  the  problem.  First.  I  am  going  to  explain  the  con¬ 
trols,  and  Instruments  and  talk  briefly  about  how  to  fly  Instruments. 

Then  I'll  introduce  a  few  basic  maneuvers  and  you'll  get  a  chance  to  prac¬ 
tice  them,  first  with  my  help  and  then  by  yourself.  Don't  worry  about 
trying  to  remember  everything  as  I  will  be  reminding  you  of  the  important 
aspects  of  each  maneuver  as  you  attempt  them.  Now  let's  get  started. 
Controls 

There  are  three  controls  utilized  In  flying  the  simulator;  1)  the 
yoke  or  control  wheel;  2)  the  rudders;  and  3)  the  throttle.  The  yoke  Is 
used  for  turning,  or  changing  heading,  and  for  climbing  and  descending. 
The  rudders  are  used  to  coordinate  turns,  right  turns  generally  require 
a  little  right  rudder,  left  turns  a  little  left  rudder.  The  amount  of 
rudder  needed  will  be  indicated  by  the  ball  in  the  turn  and  slip  Indi¬ 
cator.  If  the  ball  is  centered  within  the  two  black  lines  the  aircraft 
is  In  coordinated  flight  and  no  rudder  is  required.  If  it  is  off  to  one 
side,  press  on  the  rudder  on  the  side  the  ball  Is  on  to  move  the  ball 
back  to  the  center.  Rudders  are  also  used  to  counteract  the  effects  of 
torque  and  rl gglng,  right  rudder  Is  normally  required  In  a  climb  and  left 


rudder  in  a  descent. 
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Instruments 

Attitude  Indicator.  This  Is  the  primary  Instrument  used  In  In¬ 
strument  flying.  Any  time  you  want  to  change  the  attitude  of  the 
aircraft,  e.g.,  climb,  descend,  or  turn,  you  do  so  by  placing  the 
miniature  aircraft  In  a  position  relative  to  the  artificial  horizon 
that  will  give  you  the  desired  condition.  Today  I  will  show  you  what 
the  proper  positions  are  for  the  maneuvers  you  will  be  doing.  Realize 
that  these  positions  should  put  you  very  close  to  what  you  want,  but 
they  probably  won't  be  “exactly"  right.  Normally  you  will  have  to 
make  minor  changes  from  these  positions  so  that  your  conditions  of 
flight  will  be  exactly  what  you  desire.  You  should  note  that  when  you 
make  a  change  on  the  attitude  Indicator,  e.g.,  pitch  or  bank,  it  Is 
the  horizon  bar  not  the  miniature  aircraft  that  actually  moves. 

At  the  tip  of  the  attitude  Indicator  you  will  notice  a  bank 
pointer  and  bank  Indices.  The  bank  indices  are  In  10  degree  Incre¬ 
ments.  For  our  purposes  today  you  should  try  not  to  use  more  than  10 
degrees  of  bank.  Notice  that  the  bank  pointer  moves  In  the  "opposite" 
direction  of  aircraft  turn,  so  be  careful  not  to  use  It  as  an  Indicator 
of  direction  of  bank. 

Heading  Indicator.  This  Indicates  the  magnetic  heading  of  the 
aircraft.  Today  you  will  generally  be  trying  to  maintain  a  heading  of 
West  or  270  degrees.  If  the  "M"  moves  off  center,  turn  towards  the  "W" 
to  get  back  on  heading. 

Airspeed  Indicator.  The  numbers  on  the  Inner  dial  Indicate 
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airspeed  In  miles  per  hour. 

Vertical  Velocity  Indicator  ( VVI ) .  This  Indicates  rate  of  climb 
or  descent.  The  markings  are  In  100  feet  per  minute  Increments. 

Altimeter.  This  provides  pressure  altitude.  The  shorter  pointer 
Indicates  thousands  of  feet  and  the  longer  pointer  hundreds  of  feet. 

The  divisions  between  hundred  foot  markings  are  20  feet. 

Turn  and  Slip  Indicator.  The  needle  points  In  the  direction  of 
turn  and  the  ball  indicates  whether  the  simulator  is  in  coordinated 
flight. 

Crosscheck.  To  perform  any  maneuver  you  must  use  what  is  called 
a  crosscheck.  This  Involves  establishing  the  proper  picture,  l.e., 
miniature  aircraft  with  respect  to  the  horizon  bar,  and  then  checking 
the  other  relevant  instrument*  to  Insure  you  have  what  you  want.  For 
example,  take  straight  and  level  flight.  At  normal  cruise  airspeed 
the  proper  picture  Is  the  miniature  aircraft  superimposed  on  the  arti¬ 
ficial  horizon.  Once  you  have  established  this  attitude  you  must  then 
check  three  other  Instruments  to  Insure  you  are  exactly  straight  and 
level  --  the  altimeter,  vertical  velocity  indicator,  and  heading  in¬ 
dicator.  If  you  notice  that  you  don't  have  exactly  what  you  want,  go 
back  to  the  attitude  indicator  and  make  the  appropriate  change  on  It. 
You  then  recheck  the  other  three  Instruments  and  continue  to  make  small 
adjustments  as  they  are  necessary.  When  flying  instruments  you  spend 
most  of  your  time  looking  at  the  attitude  Indicator,  while  trying  to 
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maintain  a  particular  picture,  and  then  cross  checking  the  other 
Instruments  relevant  to  the  maneuver  you  are  trying  to  accomplish. 

Climb  (without  heading) 

The  first  maneuver  you  are  going  to  do  today  is  a  climb.  The 
yaw  switch  will  be  turned  off  so  your  heading  will  not  change  even 
if  your  wings  are  banked.  I  want  you  to  concentrate  on  maintaining 
your  wings  level  with  the  proper  pitch  attitude.  Let  me  demonstrate 
the  proper  attitude.  (Demonstrate).  As  you  can  see  the  miniature 
aircraft  is  about  one  bar  width  (width  of  the  horizon  bar)  above  the 
artificial  horizon.  With  full  power  this  should  result  in  a  rate  of 
climb  of  approximately  500  feet  per  minute.  Changes  in  pitch  are 
normally  very  small  with  a  quarter  of  a  bar  width  displacement  result¬ 
ing  in  a  rate  change  of  approximately  100  feet  per  minute. 

Now  you  practice  the  climb.  Remember  with  full  power  the  only  way 
you  can  maintain  500  feet  per  minute  Is  by  changing  your  pitch,  lower¬ 
ing  the  nose  to  Increase  the  rate  and  raising  it  to  decrease  the  rate. 
Additionally,  if  the  wings  are  not  level  they  will  produce  less  lift 
and  this  will  affect  the  proper  pitch  attitude  so  be  sure  to  keep  the 
wings  level.  (Student  practices  for  2,000  feet  with  feedback  as  appro¬ 
priate). 

Straight  and  Level 

Now  you  will  practice  staying  on  altitude  and  maintaining  heading. 


If  the  "W"  moves  off  to  one  side  turn  towards  It  to  bring  it  back  to 
the  center.  Let  me  demonstrate  how  to  roll  into  and  out  of  turns. 


feedback  as  appropriate). 
Climb  (with  heading) 
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This  climb  will  be  the  same  as  the  first  climb  with  the  ex¬ 
ception  that  you  will  have  to  maintain  your  heading  as  well  as  the 
appropriate  pitch  attitude  to  maintain  a  500  feet  per  minute  rate  of 
climb.  You  may  find  It  necessary  to  use  right  rudder  In  the  climb. 

If  the  ball  Isn't  centered  push  on  the  rudder  to  center  the  ball. 

Are  there  any  questions?  (Student  practices  for  2,000  feet  with 
feedback  as  appropriate). 

Descent  (with  heading) 

For  this  descent  you  will  also  have  to  maintain  heading.  It 
might  require  a  little  left  rudder  so  check  the  position  of  the  ball. 
Remember  the  proper  pitch  attitude  Is  with  the  miniature  aircraft 
tangent  to  the  bottom  of  the  horizon  line. 

Are  there  any  questions?  (Student  practices  descent  for  2,000 
feet  with  feedback  as  appropriate). 


Remember  not  to  use  more  than  10  degrees  of  bank.  (Demonstrate 
Turns).  There  are  several  important  points  to  remember  when  ex¬ 
ecuting  turns:  1)  keep  the  dot  (nose  of  miniature  aircraft)  at  the 
proper  pitch  attitude  relative  to  the  artificial  horizon  when  rolling 
into  and  out  of  bank;  2)  as  the  bank  indicator  approaches  10  degrees 
you  must  turn  the  yoke  slightly  in  the  opposite  direction  of  turn 
(this  neutralizes  the  ailerons  and  allows  the  bank  angle  to  remain 
constant);  3)  in  order  to  roll  out  on  a  desired  heading,  e.g..  West, 
you  must  Initiate  your  roll-out  just  prior  to  reaching  your  desired 
heading.  A  good  lead  point  when  using  10  degrees  of  bank  is  approx¬ 
imately  1  to  2  degrees. 

Are  there  any  questions?  If  not,  then  maintain  a  heading  of 
West  and  your  present  altitude.  (Student  practices,  with  feedback 
as  appropriate,  for  2  minutes). 

Descent 

Just  like  In  the  climb  the  heading  indicator  (yaw  switch)  will 
be  off  for  the  first  descent.  Concentrate  on  keeping  the  wings  level 
and  maintaining  the  proper  nose  low  attitude  to  hold  500  feet  per 
minute  rate  of  descent.  The  proper  picture  Is  the  top  of  the  minia¬ 
ture  aircraft  wings  tangent  to  the  bottom  of  the  artificial  horizon 
line. 

If  there  are  no  questions,  let's  start  the  descent.  I'll  set 
the  throttle  and  get  you  situated  In  the  proper  attitude  and  then  you 
can  fly  It  by  yourself.  (Student  practices  for  2,000  feet  with 
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Appendix  E 

Raw  Data  and  Definitions  of  Variables 


74 


Definition  of  Raw  Data  Variables 

SUBNUM  -  subject  identification  number 

GENDER  -  fema1e=0;  male=l 

CLASS  -  freshmen  (4);  sophomore(3) ;  junior  (2) 

FLY  EXP  -  0=none 

STRK  1-6  -  single  tracking  trials 
EXIT  TRK  -  tracking  score  at  exit 

SDCTOT  1-6  -  single  digit-canceling  trials,  total  responses 
EXDCTOT  -  digit-canceling  total  responses  at  exit 
SDCCOR  1-6  -  single  digit-canceling  trials,  correct  responses 
EXSDCCOR  -  digit-canceling  correct  responses  at  exit 
MIDTRK  -  single  tracking  check  trial 

MIDDCTOT  -  single  digit-canceling  check  trial  total  responses 
MIDDCCOR  -  single  digit-canceling  check  trial  correct  responses 
DTRK  1-10  -  dual  tracking  trials,  time  in  window  score 
PROTRK  1-10  -  dual  tracking  score/50 
DDCTOT  1-10  -  dual  digit-canceling  trials,  total  responses 
PRODC  1-10  -  dual  digit-canceling  score/60 
DDCCOR  1-10  -  dual  digit-canceling  trials,  correct  responses 
CLIMBH  -  average  heading  variation  In  degrees  during  climb 
CLIMBV  -  average  vertical  velocity  variation/100  during  climb 
SANDLH  -  average  heading  variation  during  straight  and  level 
SANDLV  -  difference  between  climbing  deviations  and  descending 
deviations  during  straight  and  level 
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DESH  -  average  heading  variation  during  descent 

DESV  -  average  vertical  velocity  variation/100  during  descent 
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Raw  Data 
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SUBNUM 

1 

2 

3 

4 

5 

6 

7 

8 

9 

! 

GENDER 

1 

0 

1 

1 

1 

1 

1 

1 

0 

t 

CLASS 

4 

4 

2 

2 

4 

4 

4 

4 

4 

i 

FLY  EXP 

0 

0 

0 

0 

0 

0 

0 

0 

0 

|  i 

STRK  1 

52.22 

44.70 

43.57 

49.43 

26.60 

29.30 

24.00 

26.90 

44.90 

j 

STRK  2 

55.66 

48.00 

47.82 

44.65 

23.72 

25.50 

32.68 

26.74 

45.00 

STRK  3 

51.90 

47.56 

49.95 

52.24 

22.22 

27.70 

34.90 

34.90 

45.10 

STRK  4 

52.65 

• 

• 

49.05 

22.81 

27.60 

■ 

20.50 

• 

STRK  5 

53.58 

• 

• 

49.86 

27.64 

• 

• 

25.08 

• 

1 

STRK  6 

• 

• 

• 

• 

29.36 

• 

• 

24.65 

• 

1 

EXIT  TRK 

53.12 

47.78 

48.89 

49.95 

28.50 

27.65 

33.79 

24.87 

45.05 

SDCTOT  1 

51 

57 

58 

46 

50 

54 

55 

54 

49 

i 

SDCTOT  2 

58 

62 

61 

59 

54 

49 

60 

57 

63 

i 

SDCTOT  3 

60 

60 

61 

56 

55 

52 

59 

59 

61 

SDCTOT  4 

• 

* 

• 

57 

• 

50 

• 

• 

• 

< 

SDCTOT  5 

• 

• 

• 

60 

• 

58 

• 

• 

• 

i 

SDCTOT  6 

• 

• 

« 

51 

• 

54 

• 

• 

• 

i 

EXDCTOT 

59.0 

61.0 

61.0 

60.5 

54.5 

56.0 

59.5 

58.0 

62.0 

SDCCOR  1 

51 

56 

57 

44 

49 

54 

54 

54 

45 

SDCCOR  2 

57 

61 

61 

59 

51 

46 

58 

56 

61 

I 

SDCCOR  3 

60 

58 

59 

54 

52 

49 

58 

59 

60 

i 

SDCCOR  4 

• 

• 

• 

55 

• 

48 

• 

• 

• 

i 

SDCCOR  5 

• 

• 

■ 

59 

• 

56 

• 

• 

• 

i 

£ 
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SUBNUM 

1 

2 

3 

4 

5 

6 

7 

8 

9 

EXSDCCOR 

58.5 

59.5 

60.0 

59.5 

51.5 

53.5 

58.0 

57.5 

60.5 

MIDTRK 

52.70 

47.15 

50.20 

49.60 

24.00 

28.30 

30.20 

31.15 

45.62 

MIDDCTOT 

65 

69 

70 

66 

62 

62 

67 

59 

67 

MIDDCCOR 

64 

67 

70 

66 

62 

60 

66 

58 

64 

DTRK  1 

42.90 

33.50 

35.80 

44.55 

22.10 

25.80 

24.90 

38.20 

34.90 

PROTRK  1 

0.858 

0.670 

0.716 

0.891 

0.440 

0.520 

0.500 

0.760 

0.698 

DDCTOT  1 

33 

36 

36 

24 

33 

34 

31 

48 

28 

PROPDC  1 

0.550 

0.600 

0.600 

0.400 

0.550 

0.570 

0.520 

0.800 

0.467 

DDCCOR  1 

33 

35 

36 

24 

31 

26 

29 

46 

28 

DTRK  2 

45.65 

35.14 

34.85 

38.00 

27.30 

31.90 

35.10 

27.00 

31.80 

PROTRK  2 

0.913 

0.703 

0.697 

0.760 

0.550 

0.640 

0.700 

0.540 

0.636 

DDCTOT  2 

34 

41 

36 

22 

26 

31 

31 

50 

26 

PROPDC  2 

0.567 

0.683 

0.600 

0.367 

0.430 

0.520 

0.520 

0.830 

0.433 

DDCCOR  2 

34 

41 

35 

22 

25 

30 

31 

49 

24 

DTRK  3 

40.90 

29.90 

37.70 

48.20 

26.50 

24.40 

26.40 

24.75 

36.90 

PROTRK  3 

0.818 

0.598 

0.754 

0.964 

0.530 

0.490 

0.530 

0.482 

0.738 

DDCTPT  3 

35 

38 

35 

19 

33 

33 

30 

44 

22 

PROPDC  3 

0.583 

0.633 

0.583 

0.317 

0.550 

0.550 

0.500 

0.730 

0.367 

DDCCDR  3 

35 

34 

35 

19 

32 

33 

30 

42 

22 

DTRK  4 

32.64 

27.61 

31.84 

41.60 

22.10 

28.65 

23.10 

35.80 

33.50 

PROTRK  4 

0.653 

0.552 

0.637 

0.832 

0.440 

0.570 

0.460 

0.720 

0.670 

DDCTOT  4 

42 

43 

53 

35 

28 

36 

30 

41 

33 

PROPDC  4 

0.700 

0.717 

0.833 

0.583 

0.470 

0.600 

0.500 

0.680 

0.550 
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SUBNUM 

1 

2 

3 

4 

5 

6 

7 

8 

9 

DDCCOR 

4 

42 

41 

53 

35 

28 

35 

30 

40 

32 

DTRK  5 

36.84 

29.75 

31.85 

38.40 

40.80 

32.00 

26.40 

25.80 

32.14 

PROTRK 

5 

0.737 

0.595 

0.637 

0.768 

0.820 

0.640 

0.530 

0.520 

0.643 

DDCTOT 

5 

46 

47 

49 

34 

28 

37 

32 

39 

34 

PROPDC 

5 

0.767 

0.733 

0.817 

0.567 

0.470 

0.620 

0.530 

0.650 

0.567 

DDCCOR 

5 

45 

44 

47 

34 

28 

37 

32 

39 

34 

DTRK  6 

35.05 

31.15 

34.14 

38.00 

22.30 

20.65 

26.70 

26.70 

32.50 

PROTRK 

6 

0.701 

0.623 

0.683 

0.760 

0.450 

0.410 

0.530 

0.530 

0.650 

DDCTOT 

6 

46 

50 

50 

40 

40 

37 

37 

51 

36 

PROPDC 

6 

0.767 

0.833 

0.833 

0.667 

0.670 

0.620 

0.620 

0.850 

0.600 

DDCCOR 

6 

46 

49 

49 

40 

37 

35 

37 

51 

34 

DTRK  7 

32.90 

30.85 

35.00 

37.55 

35.60 

21.40 

29.00 

21.50 

36.25 

PROTRK 

7 

0.658 

0.617 

0.700 

0.751 

0.710 

0.430 

0.580 

0.430 

0.725 

DDCTOT 

7 

48 

45 

50 

37 

37 

33 

42 

47 

36 

PROPDC 

7 

0.800 

0.750 

0.833 

0.617 

0.620 

0.550 

0.700 

0.780 

0.600 

DDCCOR 

7 

48 

45 

48 

37 

36 

32 

42 

47 

33 

DTRK  8 

33.00 

32.50 

35.85 

41.00 

25.80 

23.80 

25.60 

28.00 

34.90 

PROTRK 

8 

0.660 

0.650 

0.717 

0.820 

0.520 

0.480 

0.510 

0.470 

0.698 

DDCTOT 

8 

51 

44 

54 

39 

32 

28 

41 

38 

38 

PROPDC 

8 

0.850 

0.733 

0.900 

0.650 

0.530 

0.470 

0.680 

0.630 

0.633 

DDCCOR 

8 

51 

42 

53 

39 

30 

28 

40 

38 

38 

DTRK  9 

33.90 

40.05 

43.17 

37.00 

2142 

34.90 

25.30 

28.00 

24.80 

PROTRK 

9 

0.678 

0.801 

0.863 

0.740 

0.430 

0.700 

0.510 

0.560 

0.496 

79 


SUBNUM 

1 

2 

3 

4 

5 

6 

7 

8 

9 

DDCTOT  9 

41 

51 

36 

44 

29 

30 

32 

39 

33 

PROPDC  9 

0.683 

0.850 

0.600 

0.733 

0.480 

0.500 

0.530 

0.650 

0.550 

D DC COR  9 

38 

50 

36 

44 

27 

29 

32 

26 

32 

DTRK  10 

35.70 

23.70 

40.27 

41.55 

27.30 

29.90 

32.80 

28.55 

26.90 

PROTRK  10 

0.714 

0.474 

0.805 

0.831 

0.550 

0.600 

0.660 

0.570 

0.538 

DDCTOT  10 

41 

45 

41 

39 

35 

36 

37 

42 

35 

PROPDC  10 

0.683 

0.750 

0.683 

0.650 

0.580 

0.600 

0.620 

0.700 

0.583 

DDCCOR  10 

41 

39 

41 

39 

32 

35 

37 

42 

32 

CLIMBH 

2.045 

6.913 

3.661 

5.417 

6.783 

4.524 

7.400 

3.442 

9.103 

CLIMBV 

0.545 

1.109 

1.054 

0.438 

1.987 

0.524 

0.580 

0.615 

1.500 

SANDLH 

2.650 

6.410 

4.842 

8.176 

5.000 

4.317 

6.486 

4.037 

6.568 

SANOLV 

4.0 

42.5 

30.0 

41.5 

14.5 

39.0 

27.5 

22.0 

35.5 

DESK 

2.357 

5.300 

6.800 

5.960 

7.690 

4.396 

7.091 

1.975 

8.700 

DESV 

1.095 

1.860 

2.000 

1.200 

1.357 

1.250 

1.977 

1.425 

3.150 

FEEDBK 

0 

1 

0 

0 

0 

0 

0 

0 

0 

SUBNUM 

10 

11 

12 

13 

14 

15 

16 

17 

18 

GENDER 

0 

0 

0 

1 

1 

1 

0 

0 

1 

CLASS 

3 

3 

2 

4 

4 

4 

3 

3 

4 

FLY  EXP 

0 

0 

0 

0 

0 

0 

0 

0 

0 

STRK  1 

43.12 

49.75 

49.80 

43.15 

37.28 

52.10 

46.20 

45.05 

50.40 

STRK  2 

35.00 

50.35 

53.30 

45.80 

40.25 

51.10 

50.80 

46.62 

51.00 

STRK  3 

44.50 

48.40 

52.75 

47.25 

51.60 

51.05 

49.05 

46.50 

52.90 

STRK  4 

48.03 

• 

• 

• 

52.50 

• 

• 

• 

• 

STRK  5 

42.85 

• 

■ 

• 

• 

• 

• 

• 

• 

STRK  6 

48.70 

• 

• 

0 

• 

• 

• 

• 

• 

EXIT  TRK 

46.78 

49.38 

53.03 

46.53 

52.05 

51.75 

49.57 

46.64 

51.95 

SDCTOT  1 

60 

66 

59 

53 

49 

60 

59 

52 

57 

SDCTOT  2 

61 

72 

64 

54 

53 

62 

68 

57 

55 

SDCTOT  3 

67 

74 

66 

58 

56 

61 

69 

59 

62 

SDCTOT  4 

68 

• 

• 

62 

59 

0 

0 

• 

60 

SDCTOT  5 

• 

• 

0 

60 

61 

• 

• 

• 

• 

SDCTOT  6 

0 

• 

• 

. 

• 

• 

• 

• 

• 

EXDCTOT 

67.5 

73.0 

65.0 

61.0 

60.0 

61.5 

68.5 

58.0 

61.0 

SDCCOR  1 

58 

65 

59 

49 

48 

60 

58 

52 

56 

SDCCOR  2 

60 

71 

64 

53 

51 

59 

65 

57 

54 

SDCCOR  3 

67 

73 

66 

56 

55 

59 

64 

58 

60 

SDCCOR  4 

67 

• 

• 

61 

59 

• 

• 

• 

59 

SDCCOR  5 

• 

• 

• 

60 

60 

• 

• 

• 

• 

SDCCOR  6 

• 

• 

• 

0 

• 

• 

• 

• 

• 

81 


SUBNUN 

10 

11 

12 

13 

14 

15 

16 

17 

18 

EXSOCCOR 

67.0 

72.0 

65.0 

60.5 

59.5 

59.0 

64.5 

57.5 

59.5 

MIDTRK 

41.85 

47.37 

52.00 

46.60 

46.80 

53.60 

50.75 

47.80 

55.10 

MIDDCTOT 

68 

74 

66 

69 

67 

68 

70 

65 

66 

MIDDCCOR 

67 

71 

62 

69 

66 

66 

66 

64 

65 

DTRK  1 

34.40 

36.40 

39.65 

27.80 

37.40 

32.75 

38.50 

35.80 

44.55 

PROTRK  1 

0.688 

0.728 

0.793 

0.556 

0.748 

0.655 

0.770 

0.716 

0.891 

DDCTOT  1 

37 

36 

36 

39 

36 

29 

45 

31 

32 

PROPDC  1 

0.617 

0.600 

0.600 

0.650 

0.600 

0.483 

0.750 

0.517 

0.533 

DDCCOR  1 

37 

36 

36 

39 

36 

29 

45 

31 

32 

DTRK  2 

35.95 

38.90 

44.25 

27.50 

43.95 

40.70 

39.90 

40.00 

49.75 

PROTRK  2 

0.719 

0.778 

0.885 

0.550 

0.879 

0.814 

0.798 

0.800 

0.995 

DDCTOT  2 

35 

33 

42 

38 

33 

38 

52 

35 

31 

PROPDC  2 

0.583 

0.550 

0.700 

0.633 

0.550 

0.633 

0.867 

0.583 

0.517 

DDCCOR  2 

35 

32 

42 

38 

33 

38 

52 

34 

31 

DTRK  3 

41.60 

48.90 

40.90 

32.75 

37.56 

36.35 

36.50 

40.15 

53.10 

PROTRK  3 

0.832 

0.978 

0.818 

0.655 

0.751 

0.727 

0.730 

0.803 

1.060 

DDCTOT  3 

31 

39 

49 

38 

33 

35 

42 

36 

33 

PROPDC  3 

0.517 

0.650 

0.817 

0.633 

0.550 

0.583 

0.700 

0.600 

0.550 

DDCCOR  3 

31 

39 

49 

38 

33 

35 

40 

35 

33 

DTRK  4 

40.30 

39.10 

45.85 

34.70 

36.00 

33.00 

34.50 

31.20 

41.10 

PROTRK  4 

0.806 

0.782 

0.917 

0.694 

0.720 

0.660 

0.690 

0.624 

0.822 

DDCTOT  4 

44 

49 

51 

48 

35 

42 

43 

36 

44 

PROPDC  4 

0.733 

0.817 

0.850 

0.800 

0.583 

0.700 

0.717 

0.600 

0.733 

v 
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SDBNUft 

10 

11 

12 

13 

14 

15 

16 

17 

18 

DOCCOR 

4 

44 

49 

51 

47 

34 

39 

42 

36 

44 

DTRK  5 

28.70 

31.70 

45.50 

31.90 

39.50 

27.75 

35.40 

34.45 

34.40 

PROTRK 

5 

0.574 

0.634 

0.910 

0.638 

0.790 

0.555 

0.708 

0.689 

0.688 

DDCTOT 

5 

45 

48 

50 

44 

42 

43 

55 

39 

43 

PROPDC 

5 

0.750 

0.800 

0.833 

0.733 

0.700 

0.717 

0.917 

0.650 

0.717 

DDCCOR 

5 

45 

48 

50 

42 

41 

43 

53 

39 

43 

DTRK  6 

42.40 

38.74 

41.75 

32.10 

24.50 

39.05 

42.90 

39.45 

30.00 

PROTRK 

6 

0.848 

0.775 

0.835 

0.642 

0.490 

0.781 

0.858 

0.789 

0.600 

DDCTOT 

6 

50 

55 

50 

50 

35 

42 

54 

39 

43 

PROPDC 

6 

0.833 

0.917 

0.833 

0.833 

0.583 

0.700 

0.900 

0.650 

0.717 

DDCCOR 

6 

50 

55 

50 

49 

35 

41 

51 

39 

39 

DTRK  7 

38.55 

38.70 

40.70 

34.50 

30.55 

38.20 

38.90 

29.90 

37.55 

PROTRK 

7 

0.771 

0.774 

0.814 

0.690 

0.611 

0.764 

0.778 

0.598 

0.751 

DDCTOT 

7 

50 

58 

49 

40 

41 

40 

53 

42 

49 

PROPDC 

7 

0.833 

0.967 

0.817 

0.667 

0.683 

0.667 

0.883 

0.700 

0.817 

DDCCOR 

7 

50 

58 

49 

39 

41 

40 

50 

41 

49 

DTRK  8 

36.80 

42.15 

41.70 

35.55 

37.22 

31.44 

35.45 

40.00 

41.40 

PROTRK 

8 

0.736 

0.843 

0.834 

0.711 

0.744 

0.629 

0.709 

0.800 

0.828 

DDCTOT 

8 

49 

42 

51 

44 

43 

41 

57 

45 

51 

PROPDC 

8 

0.817 

0.700 

0.850 

0.733 

0.717 

0.683 

0.950 

0.750 

0.850 

DDCCOR 

8 

49 

42 

51 

44 

41 

41 

54 

45 

51 

DTRK  9 

34.00 

34.80 

46.40 

36.50 

37.00 

31.90 

32.72 

34.90 

40.40 

PROTRK 

9 

0.680 

0.696 

0.928 

0.730 

0.740 

0.638 

0.654 

0.698 

0.808 

33 


SUBNUM 

10 

11 

12 

13 

14 

15 

16 

17 

18 

DDCTOT  9 

50 

54 

54 

41 

48 

41 

48 

43 

49 

PROPDC  9 

0.833 

0.900 

0.900 

0.683 

0.800 

0.683 

0.800 

0.717 

0.817 

D DC COR  9 

50 

54 

54 

41 

48 

41 

47 

43 

48 

DTRK  10 

32.80 

39.75 

37.30 

37.50 

32.75 

40.35 

39.63 

35.35 

39.20 

PROTRK  10 

0.656 

0.795 

0.746 

0.750 

0.655 

0.807 

0.793 

0.707 

0.784 

DDCCTOT  10 

42 

51 

53 

47 

39 

45 

45 

43 

49 

PROPDC  10 

0.700 

0.850 

0.883 

0.783 

0.650 

0.750 

0.750 

0.717 

0.817 

DDCCOR  10 

42 

51 

53 

45 

39 

45 

44 

43 

48 

CLIMBH 

9.188 

5.475 

8.964 

6.174 

5.120 

6.540 

6.460 

8.183 

2.870 

CLIMBV 

0.938 

0.850 

1.000 

0.630 

0.540 

1.020 

0.680 

1.150 

0.217 

SANDLH 

7.171 

5.730 

5.763 

6.579 

3.446 

6.789 

6.635 

7.257 

2.365 

SANDLV 

55.5 

18.0 

36.5 

64.0 

38.5 

34.5 

33.5 

14.5 

12.0 

DESH 

9.565 

5.575 

7.250 

8.396 

3.480 

7.180 

6.900 

6.225 

0.810 

DESV 

2.152 

1.325 

1.768 

1.396 

0.920 

1.160 

2.200 

3.425 

0.690 

FEEDBK 

0 

1 

0 

0 

0 

0 

1 

3 

0 

34 


SUBNUM 

19 

20 

21 

22 

23 

24 

25 

26 

27 

GENDER 

0 

1 

1 

0 

0 

1 

1 

0 

1 

CLASS 

2 

4 

4 

3 

3 

4 

4 

2 

4 

FLY  EXP 

0 

0 

0 

0 

0 

0 

0 

0 

0 

STRK  1 

43.70 

45.50 

48.40 

40.55 

41.33 

40.60 

43.50 

34.55 

48.05 

STRK  2 

37.43 

49.33 

30 

40.15 

51.50 

43.50 

50.10 

34.05 

47.36 

STRK  3 

41.44 

50.30 

• 

46.50 

50.35 

40.40 

45.15 

39.20 

50.60 

STRK  4 

44.17 

• 

• 

51.50 

• 

42.55 

47.20 

43.35 

48.15 

STRK  5 

50.45 

• 

• 

45.00 

• 

46.10 

48.10 

32.00 

• 

STRK  6 

47.85 

• 

• 

• 

• 

49.90 

• 

• 

• 

EXIT  TRK 

49.15 

49.82 

48.35 

48.25 

50.93 

48.00 

47.65 

38.18 

49.38 

SDCTOT  1 

63 

52 

66 

55 

55 

50 

60 

61 

59 

SDCTOT  2 

63 

55 

75 

62 

57 

55 

64 

65 

64 

SDCTOT  3 

67 

57 

66 

63 

59 

58 

63 

64 

62 

SDCTOT  4 

66 

• 

75 

• 

• 

62 

• 

• 

66 

SDCTOT  5 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SDCTOT  6 

• 

• 

• 

• 

• 

• 

• 

• 

• 

EXDCTOT 

66.5 

56.0 

70.5 

62.5 

58.0 

60.0 

63.5 

64.5 

64.0 

SDCCOR  1 

62 

49 

62 

55 

51 

46 

59 

60 

59 

SDCCOR  2 

58 

52 

73 

60 

52 

52 

60 

65 

64 

SDCCOR  3 

66 

56 

57 

62 

58 

56 

60 

63 

61 

SDCCOR  4 

66 

• 

74 

• 

• 

61 

• 

• 

64 

SDCCOR  5 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SDCCOR  6 

• 

• 

• 

• 

• 

• 

• 

• 

• 

85 


SUBNUM 

19 

20 

21 

22 

23 

24 

25 

26 

EXSDCCOR 

66.0 

54.0 

65.5 

61.0 

55.0 

58.5 

60.0 

64.0 

MIDTRK 

50.43 

51.45 

49.50 

47.90 

54.80 

52.90 

49.50 

35.80 

MIDDCTOT 

68 

62 

76 

67 

62 

70 

70 

64 

NIDDCCOR 

66 

60 

71 

67 

61 

69 

67 

62 

DTRK  1 

36.35 

26.05 

32.60 

34.15 

34.60 

34.35 

39.05 

31.80 

PROTRK  1 

0.727 

0.521 

0.652 

0.683 

0.692 

0.687 

0.781 

0.636 

DDCTOT  1 

36 

37 

47 

49 

38 

33 

36 

40 

PROPDC  1 

0.600 

0.617 

0.783 

0.817 

0.633 

0.550 

0.600 

0.667 

DDCCOR  1 

34 

37 

44 

48 

38 

33 

36 

39 

DTRK  2 

39.40 

33.05 

31.55 

39.75 

38.75 

35.15 

39.73 

34.30 

PROTRK  2 

0.788 

0.661 

0.631 

0.795 

0.775 

0.703 

0.795 

0.686 

DDCTOT  2 

36 

43 

48 

49 

43 

39 

42 

41 

PROPDC  2 

0.600 

0.717 

0.800 

0.817 

0.717 

0.650 

0.700 

0.683 

DDCCOR  2 

35 

40 

47 

49 

42 

39 

42 

39 

DTRK  3 

38.70 

27.75 

30.50 

27.10 

35.50 

39.05 

34.85 

25.85 

PROTRK  3 

0.774 

0.555 

0.610 

0.542 

0.710 

0.781 

0.697 

0.517 

DDCTOT  3 

39 

45 

51 

47 

43 

37 

44 

46 

PROPDC  3 

0.650 

0.750 

0.850 

0.783 

0.717 

0.617 

0.733 

0.767 

DDCCOR  3 

38 

45 

50 

47 

41 

35 

43 

46 

DTRK  4 

32.00 

33.85 

36.60 

25.45 

34.50 

37.10 

34.80 

32.70 

PROTRK  4 

0.640 

0.677 

0.732 

0.509 

0.690 

0.742 

0.696 

0.654 

DDCTOT  4 

43 

43 

37 

37 

44 

42 

48 

38 

PROPDC  4 

0.717 

0.717 

0.617 

0.617 

0.733 

0.700 

0.800 

0.633 

27 

62.5 

51.50 

69 

67 

36.90 

0.738 

42 

0.700 

42 

42.20 

0.844 

43 

0.717 

43 

37.00 

0.740 

48 

0.800 

48 

39.80 

0.796 

50 

0.833 


* 
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SUBNUM 

19 

20 

21 

22 

23 

24 

25 

26 

27 

DDCCOR 

4 

43 

41 

36 

36 

44 

42 

46 

38 

50 

DTRK  5 

27.35 

32.00 

32.30 

36.60 

29.05 

35.00 

29.80 

35.00 

35.10 

PROTRK 

5 

0.547 

0.640 

0.646 

0.732 

0.581 

0.700 

0.596 

0.700 

0.702 

DDCTOT 

5 

47 

44 

38 

43 

43 

46 

54 

49 

51 

PROPDC 

5 

0.783 

0.733 

0.633 

0.717 

0.717 

0.767 

0.900 

0.817 

0.850 

DDCCOR 

5 

47 

44 

34 

42 

43 

46 

53 

48 

50 

DTRK  6 

32.60 

37.80 

35.25 

35.60 

27.10 

35.75 

37.70 

29.10 

34.90 

PROTRK 

6 

0.652 

0.756 

0.705 

0.712 

0.542 

0.715 

0.754 

0.582 

0.698 

DDCTOT 

6 

43 

47 

40 

41 

49 

44 

45 

40 

48 

PROPDC 

6 

0.717 

0.783 

0.667 

0.683 

0.817 

0.733 

0.750 

0.667 

0.800 

DDCCOR 

6 

42 

46 

39 

41 

48 

44 

44 

40 

48 

DTRK  7 

38.90 

32.50 

38.50 

45.80 

39.85 

33.60 

33.00 

30.10 

34.25 

PROTRK 

7 

0.778 

0.650 

0.770 

0.916 

0.797 

0.672 

0.660 

0.602 

0.685 

DDCTOT 

7 

50 

41 

43 

51 

43 

47 

49 

41 

52 

PROPDC 

7 

0.833 

0.683 

0.717 

0.850 

0.717 

0.783 

0.817 

0.683 

0.867 

DDCCOR 

7 

50 

39 

43 

51 

42 

46 

48 

40 

52 

DTRK  8 

42.60 

29.35 

44.70 

42.70 

39.95 

32.90 

37.70 

29.00 

38.30 

PROTRK 

8 

0.852 

0.587 

0.894 

0.854 

0.799 

0.658 

0.750 

0.580 

0.766 

DDCTOT 

8 

51 

51 

50 

49 

42 

46 

39 

47 

46 

PROPDC 

8 

0.850 

0.850 

0.833 

0.817 

0.700 

0.767 

0.650 

0.783 

0.767 

DDCCOR 

8 

51 

48 

47 

46 

42 

45 

37 

47 

46 

DTRK  9 

33.40 

39.60 

35.60 

35.35 

39.60 

32.75 

40.40 

31.40 

34.80 

PROTRK 

9 

0.668 

0.792 

0.712 

0.707 

0.792 

0.655 

0.808 

0.628 

0.696 

It 
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SU8NUH 

19 

20 

21 

22 

23 

24 

25 

26 

27 

DOCTOT  9 

51 

52 

48 

52 

41 

45 

43 

38 

48 

PROPDC  9 

0.850 

0.867 

0.800 

0.867 

0.683 

0.750 

0.717 

0.633 

0.800 

DDCCOR  9 

51 

49 

47 

51 

41 

43 

42 

38 

47 

DTRK  10 

35.25 

41.30 

32.80 

47.00 

36.35 

39.05 

34.70 

30.50 

34.60 

PROTRK  10 

0.705 

0.826 

0.656 

0.940 

0.727 

0.761 

0.694 

0.610 

0.692 

DDCTOT  10 

48 

47 

44 

49 

43 

43 

44 

42 

44 

PROPDC  10 

0.800 

0.783 

0.733 

0.817 

0.717 

0.717 

0.733 

0.700 

0.733 

DDCCOR  10 

46 

45 

44 

49 

43 

42 

42 

42 

43 

CLIMBH 

8.654 

6.917 

2.315 

3.731 

4.800 

6.444 

5.933 

4.259 

7.180 

CLIMBV 

1.261 

0.667 

0.537 

0.615 

1.240 

0.963 

1.500 

0.630 

0.980 

SANDLH 

9.044 

6.324 

2.711 

2.053 

4.842 

7.014 

3.026 

6.592 

6.594 

SANDLV 

23.000  26.500 

29.600 

33.000 

74.500  25.000 

23.500 

77.500 

16.500 

DESH 

9.185 

7.000 

1.955 

1.477 

7.350 

8.435 

2.881 

5.940 

7.600 

DESV 

2.315 

1.095 

2.477 

1.617 

2.850 

1.348 

1.643 

1.420 

1.300 

FEEDBK 

2 

2 

0 

0 

1 

0 

0 

1 

0 
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SUBNUM 

28 

29 

30 

31 

32 

33 

34 

35 

36 

GENDER 

0 

0 

0 

0 

1 

1 

1 

1 

0 

CLASS 

2 

3 

2 

2 

4 

2 

4 

2 

4 

FLY  EXP 

0 

0 

0 

0 

0 

0 

0 

0 

0 

STRK  1 

42.80 

38.80 

34.80 

29.05 

37.65 

46.23 

49.30 

22.35 

51.50 

STRK  2 

49.85 

33.05 

36.75 

43.20 

44.85 

53.75 

47.70 

35.85 

53.50 

STRK  3 

45.90 

30.10 

47.10 

42.30 

45.75 

51.60 

48.70 

42.65 

49.95 

STRK  4 

53.80 

34.50 

47.90 

• 

• 

55.85 

• 

42.20 

52.00 

STRK  5 

52.50 

35.80 

• 

• 

0 

53.50 

» 

• 

• 

STRK  6 

• 

• 

• 

• 

• 

• 

0 

• 

• 

EXIT  TRK 

53.15 

35.15 

47.50 

42.75 

45.30 

54.68 

48.20 

42.43 

50.98 

SDCTOT  1 

55 

50 

56 

61 

56 

53 

51 

51 

57 

SDCTOT  2 

55 

59 

56 

74 

57 

55 

60 

53 

62 

SDCTOT  3 

• 

61 

59 

69 

62 

63 

67 

55 

60 

SDCTOT  4 

• 

• 

65 

65 

64 

61 

68 

61 

• 

SDCTOT  5 

• 

• 

61 

68 

• 

• 

• 

59 

• 

SDCTOT  6 

• 

• 

• 

• 

• 

• 

• 

• 

• 

EXDCTOT 

55.0 

60.0 

63.0 

66.5 

63.0 

62.0 

67.5 

60.0 

61.0 

SDCCOR  1 

53 

49 

54 

61 

55 

51 

51 

49 

57 

SDCCOR  2 

52 

59 

53 

73 

57 

54 

58 

53 

62 

SDCCOR  3 

• 

61 

57 

67 

60 

62 

65 

55 

60 

SDCCOR  4 

• 

• 

64 

63 

64 

57 

66 

60 

• 

SDCCOR  5 

• 

• 

59 

68 

• 

• 

• 

59 

• 

SDCCOR  6 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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SUBNUM 

28 

29 

30 

31 

32 

33 

34 

35 

36 

EXSDCCOR 

52.5 

60.0 

61.5 

65.5 

62.0 

59.5 

65.5 

59.5 

60.5 

MIDTRK 

55.20 

35.70 

48.40 

44.35 

47.70 

55.90 

48.35 

46.60 

51.00 

HIDDCTOT 

62 

71 

71 

73 

71 

70 

74 

61 

58 

MIDOCCOR 

59 

69 

71 

70 

71 

69 

71 

60 

57 

DTRK  1 

39.50 

27.80 

24.10 

30.00 

34.20 

35.60 

34.30 

36.15 

34.75 

PROTRK  1 

0.790 

0.556 

0.482 

0.600 

0.684 

0.712 

0.686 

0.723 

0.695 

DDCTOT  1 

26 

35 

36 

25 

40 

34 

40 

19 

43 

PROPDC  1 

0.433 

0.583 

0.600 

0.417 

0.667 

0.567 

0.667 

0.317 

0.717 

DDCCOR  1 

23 

33 

35 

24 

40 

32 

40 

18 

42 

DTRK  Z 

33.75 

28.00 

31.20 

39.00 

33.00 

45.20 

39.50 

36.30 

34.10 

PROTRK  2 

0.675 

0.560 

0.624 

0.780 

0.660 

0.904 

0.790 

0.726 

0.682 

DDCTOT  2 

30 

42 

35 

32 

43 

35 

42 

25 

46 

PROPDC  2 

0.500 

0.700 

0.583 

0.533 

0.717 

0.583 

0.700 

0.417 

0.767 

DDCCOR  2 

29 

42 

35 

32 

43 

34 

42 

24 

45 

DTRK  3 

39.70 

27.65 

34.85 

36.60 

32.80 

41.00 

36.40 

34.10 

34.00 

PROTRK  3 

0.794 

0.553 

0.697 

0.732 

0.656 

0.820 

0.728 

0.682 

0.680 

DDCTOT  3 

27 

41 

41 

32 

41 

36 

47 

31 

53 

PROPDC  3 

0.450 

0.683 

0.683 

0.533 

0.683 

0.600 

0.783 

0.517 

0.883 

DDCCOR  3 

27 

41 

41 

31 

41 

34 

45 

30 

53 

DTRK  4 

33.50 

28.75 

32.70 

31.25 

32.50 

43.30 

34.50 

31.15 

35.00 

PROTRK  4 

0.670 

0.575 

0.654 

0.625 

0.650 

0.866 

0.690 

0.623 

0.700 

DDCTOT  4 

35 

38 

46 

31 

46 

45 

46 

39 

41 

PROPDC  4 

0.583 

0.633 

0.767 

0.517 

0.767 

0.750 

0.767 

0.650 

0.683 
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SU8NUM 

28 

29 

30 

31 

32 

33 

34 

35 

36 

DDCCOR 

4 

35 

36 

46 

31 

45 

42 

46 

39 

41 

DTRK  5 

35.05 

35.50 

37.00 

43.65 

41.40 

32.00 

37.75 

28.15 

31.80 

PROTRK 

5 

0.701 

0,710 

0.740 

0.873 

0.828 

0.640 

0.755 

0.563 

0.636 

DDCTOT 

5 

37 

45 

31 

35 

48 

49 

48 

45 

34 

PROPDC 

5 

0.617 

0.750 

0.517 

0.583 

0.800 

0.817 

0.800 

0.750 

0.567 

DDCCOR 

5 

35 

44 

29 

35 

48 

44 

48 

43 

34 

DTRK  6 

39.15 

30.50 

31.90 

35.40 

30.90 

35.15 

35.40 

38.15 

33.55 

PROTRK 

6 

0.783 

0.610 

0.638 

0.708 

0.618 

0.703 

0.708 

0.763 

0.671 

DDCTOT 

6 

43 

55 

37 

35 

52 

50 

54 

50 

47 

PROPDC 

6 

0.717 

0.917 

0.617 

0.583 

0.867 

0.833 

0.900 

0.833 

0.783 

DDCCOR 

6 

41 

52 

36 

35 

48 

48 

53 

49 

46 

DTRK  7 

32.00 

30.60 

35.80 

38.85 

35.60 

34.75 

45.45 

32.40 

30.85 

PROTRK 

7 

0.640 

0.612 

0.716 

0.777 

0.712 

0.695 

0.909 

0.648 

0.617 

DDCTOT 

7 

35 

36 

42 

43 

49 

52 

49 

43 

45 

PROPDC 

7 

0.583 

0.600 

0.533 

0.717 

0.817 

0.867 

0.817 

0.717 

0.750 

DDCCOR 

7 

34 

36 

31 

43 

49 

50 

48 

41 

45 

DTRK  8 

39.60 

30.00 

34.70 

27.50 

35.60 

36.15 

30.70 

28.35 

30.45 

PROTRK 

8 

0.792 

0.600 

0.694 

0.550 

0.712 

0.723 

0.614 

0.567 

0.609 

DDCTOT 

8 

34 

43 

48 

41 

48 

55 

45 

45 

34 

PROPDC 

8 

0.567 

0.717 

0.800 

0.683 

0.800 

0.917 

0.750 

0.750 

0.567 

DDCCOR 

8 

34 

42 

48 

41 

48 

53 

45 

44 

34 

DTRK  9 

30.70 

32.80 

33.90 

30.15 

38.90 

44.60 

38.30 

38.30 

32.60 

PROTRK 

9 

0.614 

0.656 

0.678 

0.603 

0.778 

0.892 

0.766 

0.766 

0.652 
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SUBNUM 

28 

29 

30 

31 

32 

33 

34 

35 

36 

DDCTOT  9 

41 

46 

48 

44 

49 

56 

50 

46 

42 

PROPDC  9 

0.683 

0.767 

0.800 

0.733 

0.817 

0.933 

0.833 

0.767 

0.700 

DOCCOR  9 

38 

43 

47 

44 

48 

55 

50 

45 

42 

DTRK  10 

33.00 

27.35 

31.25 

29.85 

39.10 

34.25 

31.20 

29.85 

29.40 

PROTRK  10 

0.660 

0.547 

0.625 

0.597 

0.782 

0.685 

0.624 

0.597 

0.588 

DDCTOT  10 

45 

46 

40 

40 

53 

51 

51 

40 

40 

PROPDC  10 

0.750 

0.767 

0.667 

0.667 

0.883 

0.850 

0.850 

0.667 

0.667 

DDCCOR  10 

44 

46 

38 

39 

53 

51 

51 

40 

40 

CLIMBH 

6.900 

7.840 

3.217 

5.568 

4.232 

1.500 

3.324 

8.797 

7.960 

CLIMBV 

1.967 

0.900 

1.065 

0.273 

1.018 

0.148 

0.581 

1.547 

1.500 

SANDLH 

4.921 

3.041 

5.105 

6.297 

5.026 

2.135 

5.338 

6.122 

2.474 

SANDLV 

36.500  51.000 

1.500 

52.000 

18.000  44.500  33.500  20.000  66.000 

DESH 

5.615 

4.708 

6.000 

8.175 

2.667 

2.680 

5.413 

5.456 

5.478 

DESV 

0.981 

0.979 

2.425 

1.775 

0.929 

1.240 

1.152 

1.022 

1.152 

FEEDBK 

0 

0 

0 

0 

0 

0 

0 

1 

0 
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SUBNUM 

37 

38 

39 

40 

41 

42 

43 

44 

45 

GENDER 

0 

0 

0 

1 

1 

0 

1 

1 

0 

CLASS 

2 

2 

3 

4 

4 

3 

4 

2 

3 

FLY  EXP 

0 

0 

0 

0 

0 

0 

0 

0 

0 

STRK  1 

55.40 

48.40 

35.05 

38.65 

34.38 

42.40 

31.10 

38.30 

30.45 

STRK  2 

54.35 

46.25 

42.30 

49.70 

42.80 

40.20 

12.40 

35.30 

36.40 

STRK  3 

43.85 

46.00 

44.65 

50.10 

43.00 

46.80 

26.40 

46.90 

27.05 

STRK  4 

50.70 

49.60 

47.80 

• 

• 

49.50 

41.50 

48.46 

26.50 

STRK  5 

50.50 

48.80 

47.03 

• 

• 

• 

42.60 

• 

33.50 

STRK  6 

• 

• 

• 

• 

• 

• 

• 

• 

32.00 

EXIT  TRK 

50.60 

49.20 

47.42 

49.90 

42.90 

49.15 

42.05 

47.75 

32.75 

SDCTOT  I 

58 

56 

59 

61 

58 

58 

64 

52 

53 

SDCTOT  2 

60 

57 

67 

60 

65 

65 

63 

63 

61 

SDCTOT  3 

66 

57 

63 

66 

62 

59 

66 

59 

62 

SDCTOT  4 

64 

• 

71 

68 

• 

63 

• 

59 

• 

SDCTOT  5 

* 

• 

67 

• 

• 

62 

• 

63 

• 

SDCTOT  6 

• 

• 

• 

• 

• 

• 

• 

• 

• 

EXDCTOT 

65.0 

57.0 

69.0 

67.0 

63.5 

62.5 

64.5 

61.0 

61.5 

SDCCOR  1 

56 

55 

57 

60 

56 

57 

64 

48 

52 

SDCCOR  2 

56 

56 

66 

58 

64 

63 

59 

57 

61 

SDCCOR  3 

64 

56 

62 

64 

61 

58 

65 

57 

60 

SDCCOR  4 

60 

• 

70 

68 

• 

62 

• 

55 

• 

SDCCOR  S 

• 

• 

64 

• 

• 

61 

• 

59 

• 

SDCCOR  6 

• 

• 

• 

• 

• 

• 

• 

• 
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SUBNUM 

37 

38 

39 

40 

41 

42 

43 

44 

45 

EXSDCCOR 

62.0 

56.0 

67.0 

66.0 

62.5 

61.5 

62.0 

57.0 

60.5 

MI DTRK 

48.65 

49.50 

51.75 

49.90 

47.30 

45.95 

37.80 

50.70 

28.00 

MI DDCTOT 

72 

69 

71 

64 

66 

66 

73 

62 

61 

MIDDCCOR 

70 

69 

69 

61 

64 

66 

70 

57 

59 

DTRK  1 

36.15 

37.70 

34.50 

33.40 

32.15 

29.50 

19.50 

31.75 

30.50 

PROTRK  1 

0.723 

0.754 

0.690 

0.668 

0.643 

0.590 

0.390 

0.635 

0.610 

DDCTOT  1 

35 

24 

34 

40 

36 

28 

43 

43 

42 

PROPDC  1 

0.583 

0.400 

0.567 

0.667 

0.600 

0.467 

0.717 

0.717 

0.700 

DDCCOR  1 

33 

22 

32 

39 

34 

27 

42 

39 

41 

DTRK  2 

43.50 

42.00 

44.40 

27.65 

37.00 

42.60 

24.15 

24.65 

31.20 

PROTRK  2 

0.870 

0.840 

0.888 

0.553 

0.740 

D.852 

0.483 

0.493 

0.624 

DDCTOT 

36 

26 

36 

42 

39 

26 

37 

45 

43 

PROPDC  2 

0.600 

0.433 

0.600 

0.700 

0.650 

0.433 

0.617 

0.750 

0.717 

DDCCOR  2 

34 

26 

36 

41 

38 

26 

37 

39 

43 

DTRK  3 

41.05 

43.20 

37.00 

37.40 

37.20 

43.00 

26.75 

29.30 

19.60 

PROTRK  3 

0.821 

0.864 

0.740 

0.748 

0.744 

0.860 

0.535 

0.586 

0.392 

DDCTOT  3 

39 

29 

29 

45 

41 

32 

45 

44 

49 

PROPDC  3 

0.650 

0.483 

0.483 

0.750 

0.683 

0.533 

0.750 

0.733 

0.817 

DDCCOR  3 

37 

29 

28 

43 

41 

32 

45 

41 

49 

DTRK  4 

43.05 

38.70 

32.90 

37.60 

34.50 

30.60 

20.30 

32.65 

26.10 

PROTRK  4 

0.861 

0.774 

0.658 

0.752 

0.690 

0.612 

0.406 

0.653 

0.522 

DDCTOT  4 

51 

31 

40 

44 

50 

39 

36 

37 

47 

PROPDC  4 

0.850 

0.517 

0.667 

0.733 

0.833 

0.650 

0.600 

0.617 

0.783 
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SUBNUM 

37 

38 

39 

40 

41 

42 

43 

44 

45 

DOCCOR 

4 

48 

31 

39 

44 

50 

38 

35 

34 

46 

DTRK  5 

35.00 

37.40 

31.20 

42.90 

42.70 

29.34 

41.25 

31.00 

19.15 

PROTRK 

5 

0.700 

0.748 

0.624 

0.858 

0.854 

0.587 

0.825 

0.620 

0.383 

DDCTOT 

5 

51 

34 

48 

51 

43 

46 

34 

42 

43 

PROPDC 

5 

0.850 

0.567 

0.800 

0.850 

0.717 

0.767 

0.567 

0.700 

0.717 

DDCCOR 

5 

49 

33 

48 

51 

43 

45 

34 

39 

43 

DTRK  6 

41.20 

34.50 

36.60 

39.30 

38.30 

41.80 

36.60 

31.14 

19.70 

PROTRK 

6 

0.824 

0.690 

0.732 

0.786 

0.766 

0.836 

0.732 

0.623 

0.394 

DDCTOT 

6 

51 

37 

53 

50 

48 

51 

38 

39 

42 

PROPDC 

6 

0.850 

0.617 

0.883 

0.833 

0.800 

0.850 

0.633 

0.650 

0.700 

DDCCOR 

6 

50 

37 

52 

48 

46 

51 

37 

39 

41 

DTRK  7 

49.20 

38.60 

38.25 

31.20 

46.00 

28.00 

41.45 

32.15 

19.40 

PROTRK 

7 

0.984 

0.772 

0.765 

0.624 

0.920 

0.560 

0.829 

0.643 

0.388 

DDCTOT 

7 

46 

38 

51 

51 

47 

48 

38 

46 

34 

PROPDC 

7 

0.767 

0.633 

0.850 

0.850 

0.783 

0.800 

0.633 

0.767 

0.567 

DDCCOR 

7 

43 

37 

49 

48 

46 

47 

37 

40 

34 

DTRK  8 

33.90 

36.20 

20.60 

40.10 

40.80 

31.70 

31.30 

36.50 

26.30 

PROTRK 

8 

0.678 

0.724 

0.412 

0.802 

0.816 

0.634 

0.626 

0.730 

0.526 

DDCTOT 

8 

53 

39 

48 

50 

45 

44 

45 

42 

39 

PROPDC 

8 

0.883 

0.650 

0.800 

0.833 

0.750 

0.733 

0.750 

0.700 

0.650 

DDCCOR 

8 

50 

39 

47 

48 

44 

43 

45 

39 

38 

DTRK  9 

35.10 

35.70 

39.30 

37.80 

37.60 

31.10 

32.10 

36.55 

27.50 

PROTRK 

9 

0.702 

0.714 

0.786 

0.756 

0.752 

0.622 

0.642 

0.731 

0.550 
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SUBNUM 

37 

38 

39 

40 

41 

42 

43 

44 

45 

DOCTOT  9 

47 

41 

42 

57 

50 

46 

33 

44 

47 

PROPDC  9 

0.783 

0.683 

0.840 

0.950 

0.833 

0.767 

0.550 

0.733 

0.783 

DDCCOR  9 

46 

41 

42 

57 

50 

44 

32 

39 

47 

DTRK  10 

28.90 

31.85 

38.00 

35.40 

38.15 

33.75 

38.00 

27.90 

17.80 

PROTRK  10 

0.578 

0.637 

0.760 

0.708 

0.763 

0.675 

0.760 

0.558 

0.356 

DDCTOT  10 

51 

40 

42 

59 

45 

42 

43 

41 

45 

PROPDC  10 

0.850 

0.667 

0.700 

0.983 

0.750 

0.700 

0.717 

0.683 

0.750 

DDCCOR  10 

50 

37 

42 

58 

45 

41 

41 

36 

45 

CLIMBH 

3.640 

4.917 

6.896 

5.239 

6.958 

4.870 

4.870 

3.780 

2.848 

CLIMBV 

0.700 

0.967 

0.375 

0.174 

0.563 

0.844 

0.500 

0.400 

0.370 

SANOLH 

6.263 

4.297 

6.842 

7.250 

5.635 

4.878 

6.041 

1.919 

7.377 

SANDLV 

27.000 

24.000 

2.000 

1.303 

13.000 

3.500 

35.500 

22.000  82.500 

DESH 

4.761 

5.280 

7.425 

5.712 

4.680 

4.040 

8.381 

4.250 

6.260 

DESV 

1.065 

2.040 

1.650 

1.865 

1.120 

1.667 

1.714 

1.775 

0.700 

FEEDBK 

0 

0 

1 

0 

0 

0 

0 

0 

2 
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SUBNUM 

46 

47 

48 

49 

GENDER 

0 

1 

0 

1 

CLASS 

4 

4 

4 

4 

FLY  EXP 

0 

0 

0 

0 

STRK  1 

43.08 

33.50 

32.50 

36.13 

STRK  2 

49.01 

36.70 

42.40 

41.05 

STRK  3 

43.00 

42.95 

44.85 

38.85 

STRK  4 

46.50 

38.25 

- 

• 

STRK  5 

43.30 

44.25 

• 

• 

STRK  6 

50.40 

• 

• 

• 

EXIT  TRK 

46.85 

41.25 

43.63 

39.85 

SDCTOT  1 

65 

50 

51 

52 

SDCTOT  2 

68 

57 

59 

59 

SDCTOT  3 

70 

56 

61 

60 

SDCTOT  4 

• 

• 

• 

• 

SDCTOT  5 

• 

• 

• 

• 

SDCTOT  6 

• 

• 

• 

• 

EXDCTOT 

69.0 

56.5 

60.0 

59.5 

SDCCOR  1 

64 

47 

49 

49 

SDCCOR  2 

68 

56 

57 

56 

SDCCOR  3 

68 

56 

61 

59 

SDCCOR  4 

• 

• 

• 

• 

SDCCOR  5 

• 

• 

• 

• 

50 

51 

53 

53 

54 

0 

0 

0 

0 

1 

2 

3 

3 

4 

4 

0 

0 

0 

0 

0 

43.50 

45.90 

47.22 

32.89 

26.70 

51.60 

44.80 

43.50 

49.86 

49.40 

51.65 

43.75 

36.90 

51.14 

52.00 

• 

50.45 

48.65 

• 

49.70 

• 

49.70 

42.83 

• 

48.70 

• 

• 

41.75 

• 

• 

51.62 

50.08 

42.29 

50.50 

49.20 

47 

54 

61 

54 

50 

47 

62 

59 

70 

59 

49 

62 

65 

67 

57 

• 

• 

• 

• 

62 

• 

67 

• 

• 

• 

• 

48.0 

• 

62.0 

• 

63.5 

• 

67.0 

• 

58.0 

45 

53 

61 

53 

49 

45 

62 

58 

69 

59 

48 

62 

64 

67 

57 

• 

• 

59 

64 

• 

I 

! 

i 
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SUBNUM 

46 

47 

48 

49 

50 

51 

52 

53 

54 

EXSDCCOR 

68.0 

56.0 

59.0 

57.5 

46.5 

62.0 

61.5 

65.5 

58.0 

MIDTRK 

49.80 

46.70 

45.00 

46.10 

52.90 

49.40 

41.87 

49.55 

47.72 

MIDDCTOT 

72 

55 

68 

66 

62 

72 

57 

74 

63 

MIDDCCOR 

71 

55 

67 

65 

59 

71 

57 

72 

63 

DTRK  1 

46.30 

33.00 

38.30 

26.90 

37.00 

44.40 

26.75 

44.40 

43.00 

PROTRK  1 

0.926 

0.660 

0.756 

0.538 

0.740 

0.888 

0.535 

0.888 

0.860 

DDCTOT  1 

36 

39 

31 

34 

32 

36 

25 

34 

35 

PROPDC  1 

0.600 

0.650 

0.517 

0.567 

0.533 

0.600 

0.417 

0.567 

0.583 

DDCCOR  1 

35 

39 

30 

33 

32 

34 

25 

33 

35 

DTRK  2 

36.37 

31.50 

35.50 

38.80 

46.10 

39.10 

32.60 

39.00 

41.90 

PROTRK  2 

0.727 

0.630 

0.710 

0.776 

0.922 

0.782 

0.652 

0.780 

0.838 

DDCTOT  2 

27 

37 

34 

43 

35 

34 

33 

30 

33 

PROPDC  2 

0.450 

0.617 

0.567 

0.717 

0.583 

0.567 

0.550 

0.500 

0.550 

DDCCOR  2 

27 

35 

34 

43 

35 

34 

33 

30 

33 

DTRK  3 

38.53 

31.30 

40.90 

30.20 

45.40 

42.15 

27.60 

29.64 

47.65 

PROTRK  3 

0.771 

0.626 

0.818 

0.604 

0.908 

0.843 

0.552 

0.593 

0.953 

DDCTOT  3 

32 

42 

40 

40 

36 

43 

33 

30 

37 

PROPDC  3 

0.533 

0.700 

0.667 

0.667 

0.600 

0.717 

0.550 

0.500 

0.617 

DDCCOR  3 

32 

42 

40 

39 

36 

42 

33 

30 

37 

DTRK  4 

33.20 

31.20 

35.10 

35.90 

33.40 

40.70 

35.90 

33.45 

37.25 

PROTRK  4 

0.664 

0.624 

0.702 

0.718 

0.668 

0.814 

0.718 

0.669 

0.745 

DDCTOT  4 

57 

41 

38 

41 

41 

54 

33 

36 

36 

PROPDC  4 

0.950 

0.683 

0.633 

0.683 

0.683 

0.900 

0.550 

0.600 

0.600 
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SUBNUM 

46 

47 

48 

49 

50 

51 

52 

53 

54 

DDCCOR 

4 

56 

41 

37 

39 

41 

54 

33 

36 

36 

DTRK  5 

37.10 

26.35 

34.70 

32.10 

31.60 

34.30 

33.65 

33.62 

40.00 

PROTRK 

5 

0.742 

0.527 

0.694 

0.642 

0.632 

0.686 

0.673 

0.672 

0.800 

DDCTOT 

5 

50 

43 

41 

45 

43 

53 

30 

41 

38 

PROPDC 

5 

0.833 

0.717 

0.683 

0.750 

0.717 

0.883 

0.500 

0.683 

0.633 

DDCCOR 

5 

49 

42 

41 

43 

41 

51 

30 

39 

38 

DTRK  6 

49.83 

28.20 

36.25 

33.70 

36.40 

32.60 

36.30 

31.80 

41.70 

PROTRK 

6 

0.997 

0.564 

0.725 

0.674 

0.728 

0.652 

0.726 

0.636 

0.834 

DDCTOT 

6 

50 

48 

39 

45 

41 

60 

36 

52 

42 

PROPDC 

6 

0.833 

0.800 

0.650 

0.750 

0.683 

1.000 

0.600 

0.867 

0.700 

DDCCOR 

6 

49 

47 

39 

44 

40 

59 

35 

51 

42 

DTRK  7 

35.45 

32.50 

29.50 

23.15 

35.50 

30.70 

35.55 

36.70 

43.70 

PROTRK 

7 

0.709 

0.650 

0.590 

0.463 

0.710 

0.614 

0.711 

0.734 

0.874 

DDCTOT 

7 

46 

39 

41 

45 

45 

52 

31 

36 

46 

PROPDC 

7 

0.767 

0.650 

0.683 

0.750 

0.750 

0.867 

0.517 

0.600 

0.767 

DDCCOR 

7 

45 

39 

39 

45 

43 

50 

30 

36 

45 

DTRK  8 

33.60 

35.35 

31.25 

37.60 

33.80 

31.20 

38.85 

39.68 

46.40 

PROTRK 

8 

0.672 

0.707 

0.625 

0.752 

0.676 

0.624 

0.777 

0.794 

0.928 

DDCTOT 

8 

39 

38 

44 

40 

45 

56 

41 

35 

41 

PROPDC 

8 

0.650 

0.633 

0.733 

0.667 

0.733 

0.933 

0.683 

0.583 

0.683 

DDCCOR 

8 

38 

38 

44 

40 

43 

53 

41 

34 

41 

DTRK  9 

33.85 

30.00 

41.00 

28.70 

33.10 

39.00 

36.80 

38.15 

33.63 

PROTRK 

9 

0.677 

0.600 

0.820 

0.574 

0.662 

0.780 

0.736 

0.763 

0.673 
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SUBNUM 

46 

47 

48 

49 

50 

51 

52 

53 

54 

DOCTOT  9 

50 

36 

44 

37 

48 

48 

42 

53 

47 

PROPDC  9 

0.833 

0.600 

0.733 

0.617 

0.800 

0.800 

0.700 

0.883 

0.783 

DDCCOR  9 

48 

36 

44 

36 

48 

48 

42 

49 

46 

DTRK  10 

36.45 

29.94 

38.90 

29.85 

30.50 

39.60 

40.50 

37.00 

34.00 

PROTRK  10 

0.729 

0.599 

0.778 

0.597 

0.610 

0.792 

0.810 

0.740 

0.680 

DDCTOT  10 

54 

43 

45 

38 

47 

53 

42 

59 

37 

PROPDC  10 

0.900 

0.717 

0.750 

0.633 

0.783 

0.883 

0.700 

0.983 

0.617 

DDCCOR  10 

53 

40 

45 

38 

46 

52 

42 

57 

37 

CLIMBH 

9.313 

5.540 

6.452 

7.146 

4.591 

2.674 

8.229 

6.714 

3.804 

CLIMBV 

2.063 

0.440 

1.516 

1.313 

0.886 

0.522 

0.938 

1.018 

1.000 

SANDLH 

6.986 

4.324 

3.230 

3.816 

2.592 

6.770 

8.200 

6.069 

5.138 

SANDLV 

35.0 

21.5 

4.0 

13.0 

5.0 

42.5 

6.0 

33.0 

10.0 

DESH 

8.150 

5.600 

3.900 

7.775 

2.396 

3.520 

7.350 

7.075 

6.103 

DESV 

1.925 

2.600 

1.600 

3.400 

0.833 

1.500 

3.275 

3.325 

1.125 

FEEDBK 

2 

0 

0 

0 

0 

0 

0 

0 

0 

100 


SUBNUM 

55 

56 

SUBNUM 

55 

56 

SUBNUM 

55 

56 

GENDER 

1 

0 

EXSDCCOR 

60.0 

62.5 

DDCCOR 

4 

29 

28 

CLASS 

4 

2 

MIDTRK 

39.36 

53.80 

DTRK  5 

36.9 

30.7 

FLY  EXP 

0 

0 

MIDDCTOT 

65 

68 

PROTRK 

5 

0.738 

0.614 

STRK  1 

40.13 

43.68 

MIDDCCOR 

63 

57 

DDCTOT 

5 

33 

40 

STRK  2 

47.47 

44.78 

DTRK  1 

29.15 

37.58 

PROPDC 

5 

0.550 

0.667 

STRK  3 

40.29 

36.47 

PROTRK  1 

0.583 

0.752 

DDCCOR 

5 

33 

37 

STRK  4 

42.48 

48.22 

DDCTOT  1 

33 

32 

DTRK  6 

25.6 

30.4 

STRK  5 

41.50 

46.56 

PROPDC  1 

0.550 

0.533 

PROTRK 

6 

0.512 

0.608 

STRK  6 

• 

46.95 

DDCCOR  1 

33 

32 

DDCTOT 

6 

38 

43 

EXIT  TRK 

41.99 

46.76 

DTRK  2 

27.50 

31.54 

PROPDC 

6 

0.633 

0.717 

SDCTOT  1 

58 

60 

PROTRK  2 

0.550 

0.631 

DDCCOR 

6 

38 

42 

SDCTOT  2 

61 

62 

DDCTOT  2 

35 

28 

DTRK  7 

34.72 

29.64 

SDCTOT  3 

60 

64 

PROPDC  2 

0.583 

0.467 

PROTRK 

7 

0.694 

0.593 

SDCTOT  4 

• 

• 

DDCCOR  2 

35 

28 

DDCTOT 

7 

31 

46 

SDCTOT  5 

• 

V 

DTRK  3 

26.70 

32.84 

PROPDC 

7 

0.517 

0.767 

SDCTOT  6 

• 

• 

PROTRK  3 

0.534 

0.657 

DDCCOR 

7 

31 

45 

EXDCTOT 

60.5 

63.0 

DDCTOT  3 

40 

29 

DTRK  8 

27.00 

36.34 

SDCCOR  1 

57 

58 

PROPDC  3 

0.667 

0.483 

PROTRK 

8 

0.540 

0.727 

SDCCOR  2 

61 

62 

DDCCOR  3 

39 

27 

DDCTOT 

8 

38 

37 

SDCCOR  3 

59 

53 

DTRK  4 

26.50 

37.35 

PROPDC 

8 

0.633 

0.617 

SDCCOR  4 

• 

• 

PROTRK  4 

0.530 

0.747 

DDCCOR 

8 

37 

34 

SDCCOR  5 

• 

• 

DDCTOT  4 

29 

30 

DTRK  9 

29.05 

38.00 

SDCCOR  6 

• 

• 

PROPDC  4 

0.483 

0.500 

PROTRK 

9 

0.581 

0.760 

SUBNUM 

56 

56 

DDCTOT  9 

41 

43 

PROPDC  9 

0.683 

0.717 

DDCCOR  9 

40 

42 

DTRK  10 

35.1 

36.1 

PROTRK  10 

0.702 

0.722 

ODCTOT  10 

41 

47 

PROPDC  10 

0.683 

0.783 

DDCCOR  10 

41 

47 

CLIMBH 

8.196 

8.352 

CLIMBV 

0.935 

0.777 

SANDLH 

2.432 

6.000 

SANDLV 

20.5 

11.0 

DESH 

5.577 

8.650 

DESV 

1.962 

2.350 

FEEDBK 

0 

0 
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Appendix  F 

Single  and  Dual -Task  Performance  Variables 
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Single  and  Dual-Task  Performance  Variables 

MAXST  =  Max  single  tracking  score 
MINST  *  Minimum  single  tracking  score 
DIFFST  =  MAXST-MINST 

IMAXST  a  Trial  on  which  max  single  tracking  score  occurred 
IEXITST  =  Single  tracking  exit  trial 

MAXSDCT  =  Max  single  digit  -  canceling  total  response  score 
MINSDCT  *  Minimum  single  digit  -  canceling  total  response  score 
DIFFSDCT  =  MAXSDCT-MINSDCT 

I MAXSDCT  =  Trial  on  which  max  single  digit  -  canceling  total  response 
occurred 

IEXTSDCT  *  single  digit  -  canceling  total  exit  trial 
MAXSDCCO  =  Max  single  digit  -  canceling  correct  response  score 
MINSDCCO  =  Minimum  single  digit  -  canceling  correct  response  score 
DIFFSDCC  =  MAXSDCCO-MINSDCCO 

IMAXSDCC  =  Trial  on  which  max  single  digit  -  canceling  correct  response 
score  occurred 

MIDTRK  »  single  tracking  check  trial  score 

MIDDCTOT  ■  Single  digit  -  canceling  total  check  trial  score 

MIDOCCOR  *  Single  digit  -  canceling  correct  check  trial  score 

MAXDTRK  »  Tracking  score  for  max  dual  trial 

MAXPROTK  ■  Tracking  score  for  max  dual  trial /50 

MAXDDCTO  ■  Total  digit  responses  for  max  dual  trial 

MAXPRODC  >  Total  digit  responses  for  max  dual  trial /60 
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MAXOKSUM  =  MAXPROTK  +  MAXPRODC 

|r  TRIALNO  =  Trial  on  which  max  dual  performance  occurred 

OKTRIALS  *  Number  of  dual  trials  where  the  difference  between 

tracking  and  digit  -  canceling  proportions  was  .10  or 
less 

PROTRKMX  =  Dual  tracking  score  /  max  single  tracking  score 
PRODCTMX  *  Dual  digit  -  canceling  total  response  score  /  max  single 
digit  -  canceling  total  response  score 
PRODCCMX  =  Dual  digit  -  canceling  correct  response  score  /  single 
digit  -  canceling  correct  response  score 
TSMAXDCT  *  PROTRKMX  +  PRODCTMX 
TSMAXDCC  *  PROTRKMX  +  PRODCCMX 

PROTRKMD  *  Dual  tracking  score  /  single  tracking  check  trial  score 
0  PRODCTMD  *  Dual  digit  -  canceling  total  response  score  /  single 

digit  -  canceling  total  check  trial  score 
PRODCCMD  *  Dual  digit  -  canceling  correct  response  score  /  single 
digit  -  canceling  correct  check  trial  score 
TSMIDDCT  *  PROTRKMD  +  PRODCTMD 
TSMIDDCC  «  PROTRKMD  +  PRODCCMD 
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